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The subject of latemal Combustion Motors, or enginea for 
obtaining power without a boiler, is one of great and 
increasing importance, and it was, therefore, with pleasure 
that I undertook the following work at the request of the 
publishers. 

It is divided into three parts, treating respectively of 
Gas, Air, and Oil Engines. Part I., Gas Engines, is divided 
into two sections, the first dealing with the early history of 
these motors, and the second trith modern gas engines. 
In this latter part particularly I am much indebted to 
numerous recognised authorities on the subject, especially 
to the excellent works of Professors Schottler and Witz, 
Mr. Dugald Clerk, Professors Jenkio and Robinsion, M. 
Chauveau, and others. Information has also been obtained 
from the Proceedings of the InstituHon of Civil Emjineere, 
Proceedings of the Inetitution of Mechanical Engineers, 
Comptes Bcndue de la SociitS des Ingenieura Civils, Zell- 
echrift des Vereines deutscher Ingenieiire, Tlie Engineer, 
Sngineering, and various other scientific and technical 
periodicals. A Ust is given of the literature of the subject, 
both English and foreign, which, it is hoped, will be found 
fairly complete. 

The Theory of the Gas Engine ts briefly discussed in 
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lur chapters, and here I have had the advantage of the 

iniarks and valuable criticism of Profeasor Capper, of 
Collogt', London, who also kin<lly made for publi- 

ition in this work a new test upon the experimental Otto- 
Croasley gas engine in the engineering laboratory of King's 
College — a test which is, perhaps, as complete aa any that 
have been published. Chapter XVII., on the " Chemical 
Composition of Gas " — an important part of the subject — 
has bLcn entrusted to Mr. G. H. Huiitly, A.R.C.S. of the 
State Medicine Laboratory, King's College, who is respon- 
sible for this chapter only. 

Cure has been taken to consult the best authorities in 
England and on the Continent who have written on the 
theory and practice of gftA engines, and to bring the matter 
ap to date. I liave much pleiisuru in acknowledging my 
special obligations under this head to M. Delamare* 
Deljouttoville of Rouen, and Profeasor Schroter of Munich, 
for their kind a-ssistance. To Professor Kennedy, F.R.S., 
also, who has made many exhaustive and reliable tests on 
Snglish gas engines, my ncknowletlgments are due. Not 
much original work appears to have been done in the 
"United States, but the subject has been thoroughly studied 
in France and Gennany. 

An Appendix is added, in five Sections, containing in- 
formation which it was not found possible to incorporate in 
[-the text. One of them gives an abstract of the valuable 
i«xperiments recently made by Dr. Slaby of Berlin, and 
'published after the main portion of tliis work waa 
complete. 

In conclusion, there only remains for me to emphasize 
the fact of the constantly inci'eaaing use of these motors 
in all countries for industrial purposes. Undoubtedly, 
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there is a ^eat future before them. There still exists, 
however, a large field for economy. In both Oil and Gas 
Engines, about 40 per cent, of all the heat received now 
goes off in the exhaust gases, and about 35 per cent, in the 
jacket water. The better the economic results obtained, 
the greater will be the demand for these convenient motors. 
At present their chief recommendation is the absence of a 
boiler, which is of great advantage, especially for small 
powers. Even with the very high temperatures in the 
cylinders there is also little or no difficulty with lubrication. 
They are yearly increasing in size and power,* and will 
certainly before long, as more knowledge and experience 
are brought to bear on their construction, enter into for- 
midable competition with the best steam engines. They 
may even constitute the principal heat motors of the 
future. 

A list has been added of the chief tests on Gas, Oil, and 
Air Engines that have been published up to date. 

BRYAN DONKIN, J?^ 

London, November, 1893. 

* On going to press a notice of a Three-Cylinder Horizontal Double- 
acting Compound Gas Engine, indicating 600 to 700 H.P., is given in 
The Engineer of November 10, 1893. 
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A TEXT-BOOK OF 
GAS, OIL, AND AIE ENGINES. 



PART I.— GAS ENGINES. 



CHAPTER I. 

GENERAL DESCBIPTION OF THE ACTION AND PAETS 
OF A GAS ENGINE. 

ColTTKirra. — Introductiaa— AdTwnugM of » Gm Eufvta — WmU of Beat— 
SoarM of Power — UtiliMtion ol Moti>e Force— Tarts of a Gu En^ne 
— Tnuumusion — Admianoo of Gaa and Air — Ignition^ Kipliwi on aod 
Expasaion — ^Exhaiut—Conipraanon — Oilinj^- Begulatian ol Speed. 

Thk principles gove ming the construction and action of a gu 
motor are almost the same as those of a steam eoipiie. In both 
the object is to obtain useful work from heat. This is effected 
hj rusing gas or water to a certain temperature, prodacing in 
the one case steam, in the other flame, and with the pressures 
resulting from the increase of heat in the steam or flame driving 
forward a piston connected to a shaft. The science of thermo- 
dynamics proves that there exists a strict ratio tretween the heat 
evolved and the work performed. The laws governing the pro- 
duction of this heat energj' are alwajrs the same, whatever the 
mediom or agent of motiTe force. 

In all mechanical motors there are three factors to be con- 
sidered: — 1st. The cause of motion, varying according to the 
type of motor, in heat engines it is caloric obtained in varioiu 
ways, OS from combustion of coal in a boiler or hot air fnmaoe, 
or by the explosion of inflammable gBses. 2nd. The effocl pro- 
duced, or the e&ei^ into which the heat is transformed ; tbift 
usually takes the form of pressure upon a piston working on to 
a crank. So far, all heat motor* are alike. 3rd. The particular 
mechanism, differing in each kind of motor, by which this trans- 
lation of heat into work is ntiliaed. The difference between 
■team and other kinds of motors, such as gas, hot air, petroleum. 
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ko,, lies in the means employed to generate the heat, and turn it 
into work« 

A steam motor consists of three indispensable parts, the fur- 
nace, the boiler, and the cylinder containing the motor piston. 
These may be in close proximity to each other, but there is 
usually a separate building for the boiler, <kc. The process of 
starting a steam engine is relatively slow and laborious. The 
fire must be kindled and combustion obtained in the furnace, 
and the water in the boiler brought to boiling point and evapor- 
ated into steam. The temperature must then be raised until 
the pressure of the steam, produced by the increase of tempera- 
ture, is sufficient to propel the motor piston. 

Adyantages of a Qas Engine. — In a gas engine these 
operations are much simpler, because it is so constructed that, 
for the work it has to perform, it is complete in itself, containing 
on one foundation the equivalent of furnace, boiler, and cylinder. 
It is in the cylinder that the production and utilisation of the 
heat takes place, and the entire cycle, or series of operations, is 
completely carried out. Highly inflammable gases and air are 
first admitted into the cylinder. They are, at a given moment, 
exploded by the application of heat or flame ; the pressure and 
the temperature are at once considerably raised, and the piston 
is driven forward. In a steam engine the working agent is pro- 
duced sepai*ately and continuously, but in a gas motor the 
inflamed gases, which act as the medium of heat, must be gene- 
rated afresh at each stroke of the piston. With gas there is very 
little difficulty in obtaining an explosion, and a corresponding 
backward and forward stroke, as many times in a minute as is 
required. As combustion takes place in the cylinder itself, 
pressures and temperatures much greater than those developed 
in steam engines are easily and quickly produced. Hence gas 
motors are called " internal combustion " engines, and the same 
name is used for all motors in which the heat is generated 
inside, instead of outside, the cylinder. 

This brief outline of the working of a gas motor shows the 
advantages it possesses in practice over the steam engine— 
namely, compactness and facility in starting. Theoretically, it 
is also superior, because higlier temperatures and higher pres- 
sures are available, to act upon the piston. But in all heat 
motors hitherto made, there are defects which the skill of the 
best constructors has not yet been able to overcome — namely, 
waste of the greater part of tlio heat generated, and consequent 
loss of pressure, or of useful work done upon the piston. 

Considering, first, the practical advantages of the gas engine, 
as far as compactness is concerned, it leaves little to be desired. 
The space it occupies is small, a few sfjuaro feet beins sufficient, 
instead of the separate boiler and chimney neo6« % 

iteam engine. A gas motor can bo fixed almoet ^ 



it should stand on & solid foundation, to counteract the vibra- 
tions caused hy the repealed explosions. To place it in proper 
vorking condition, all that is required is a gas supply pipe, and 
a vat«r tank with pipes for cooling the cylinder. The higb 
temperatures produced by the explosion of the gases necessitate 
the use of a jacket round the cylinder, through which water 
circulating automatically from a tank paasea continuously, to 
keep it cool ; this jacket water is used over and over again. 
These pipes, with a third communicating with the outer air, 
and providing an outlet for the burnt gases, constitute all the 
necessary working connections. 

A gas engine thus easily fixed, can also be set in motion and 
started in a few minutes. If a gas jet or hot ignition tube is 
used to fire the charge, it is of course previously lighted; where 
combustion is obtained electrically, the generation of the sparks 
is produced before the engine is started. A few turns by hand 
or other means are given to the flywheel, while the exhaust is 
kept open, and the engine is then fairly at work. To atop it, 
nothing is needed but to turn off the supply of gas. For small 
manufactures the convenience of having a motive power at hand, 
easy to start or stop in a few moments, is so great, that nmall 
gas motors are rapidly superseding, not only steam, but manual 
labour. It cannot be denied that they are rather more costly 
than steam, but of late years their consumption of gas per H.P. 
has been much reduced. In proportion as the quantity of 
gas required to drive them is diminished, and the economy 
obtained is greater, the more popular and cheaper will they 
become. Practically, there is leas danger of Are than with steam 
boilers, and thousands of gas engines are now used in places 
where steam could never be employed. 

It is in the smaller gas engines that these practical advan- 
tages are chiefly felt, but the theoretical superiority of these 
motors, obtained by the high temperatures at which they can be 
worked, apply equally to engines of all sixes. But as soon as 
large powers are required, and the gas engine enters into active 
competition with steam, it becomes of far greater importance to 
economise the consumption of gas. The temperatures and pres- 
sures obtained by the indaniraation and explosion of gas in a 
cylinder are so high, that engineers have not yet succeeded in 
utilising them to their full extent. Hence, there is much waste 
of heat and consequent loss of pressure, and these defects in the 
working of a gas engine affect injuriously the expenditure of 
gas. If heat be wasted, more must be supplied, and more gas 
must be uaed to produce it. 

Waste of Heat. — In a steam engine the main object should 
be to keep the cylinder walls as hot as possible, to prevent 
the condensation of the steam. The difficulty of generating 
steam, and maintaining its temperature and pressure, is in- 
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creased, because there is a change of physical state from a liquid 
to steam. With a gas engine the reverse process is necessary* 
and the cylinder walls must be coole<]. The gas is dry, and the 
heat developed by the explosions taking place in the cylinder 
acts directly on the piston. A considerable amount of steam is 
condensed in the pipes of a steam engine, whereas in a gas motor 
there is no similar waste, because all the heat is generated in the 
cylinder itself. Nevertheless heat is lost, but in a different way. 
The temperature of the gas at the moment of explosion is relatively 
high. It is generally assumed to be about 2,730' F. (1,500* C), 
but this is known not to be the highest temperature reached. 
Whatever the actual temperature, the heat is always too great to 
be retained ; a large portion is sacrificed, to prevent injury and 
destruction to the |)arts, and heat is also carried off continuously 
by the cooling water round the cylinder. In the early double- 
acting engines, not more than 4 per cent, to 6 per cent, of the 
total heat received was employed in doing work, and more than 
half was wasted, that the walls might be kept cool. If to this 
be added the heat escaping from the cylinder in the exhaust 
gases, or the products of combustion, it is not difficult to under- 
stand how, formerly, from 94 i>er cent, to 96 per cent, of the heat 
was dissipated. 

It is this waste of heat in a gas motor that causes the loss 
of pressure, or diminution in the work done on the piston. 
With all gases the pressure increases with the rise in tempera- 
ture, and, therefore, the higher the teun>eniture, the greater will 
be the pressure produced, or the expansion of the gases. If this 
pressure be expended in doing work, and acting on the piston, 
the whole may, if expansion bo continued long enough, be utilised 
in useful work. But to obtain this result with the pressures 
generated in a gas engine, the cylinder and piston must be of 
great length, and the pisti>n allowed to move out as long as 
there is any expansive force left in the gas to act upon it. As 
this is ])ractioally impossible, the otiier plan is to diminish the 
quantity of gas ndmittod into the cylinder. Bt»fore compres- 
sion was employed, it was ditUoult to pn^portion the supply 
of gas to the expansion, and it is a delicate process even in a 
modem engine, in which the gasoM are ooinpresseii before ex- 
plosion. 

When the theory of tin* j;»aH engine Utgiin to Ih> really under- 
stood, the princi])al problem wi^, how to obtain sufficient 
expansion from the explodt^I gastm. The t«vit of efficiency 
in any heat engine is the proportion betwtvn the total heat 
supplied, and the total useful work obtuiniHl. As far as work is 
concerned, all the heat which is not employed in produciiig it is 
wasted. Thus to be rt^ally etlloien t, a gas engine ott^t ^ handtih 
a maximum amount of usuHil work with a mininttn 'm 

of gas. This is only possible if the oxpaniiw '" 
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rapid and prolonged. The greater the time allowed them to act 
upon the piston, and the farther they drive it, the more faeat 
eoergy will be expended in work, and the less will be discharged 
as waste into the atmosphere. Expansion should also be rapid, 
Lecatise the more quickly the piston uncovers successive portions 
of the cylinder walls, the less time will there be for useful beat 
to be carried od from the hot gases to the cooler walls. This 
injportant question of expansion will be more fully examined, 
when considering the theory and utilisation of heat iu a gas 

The study of a gas engine falls naturally into two divisions : — 



I. Source of Power, — In all heat engines the source of 

power is heat, and gas is the medium or agent through which it 
acts in a. gas motor. The gas is ignited, and the explosive force 
thus generated is used to drive forward a piatoD. Many difltsrent 
kinds ccf gas, varying iu heating value, are employed, and the 
effects obtained by ignition and explosion cannot be determined 
without a knowledge of the chemical constitnentB of the gas, 
and the projMirtions in which they combine with air. Since the 
gas used iu an engine cylinder does not contain the oxygen 
necessary for combustion, it can never be burnt by itself, but 
must always be diluted with a certain quantity of air. Unless 
the compuaition of the gas and the ratio of its dilution with air 
are known, it is impossible to ascertain the tem|M3raturea and 
pressures attained in the cylinder, and to calculate the theo- 
retical work, or ilie work it ought to do. The study of gases 
has led to the discovery of the law of dissociation, or the property 
they possess, after they have attained a certain high temperature, 
of resolving into their separate elements. The phenomena of 
ignition in a cylinder also prove that the whole heat of the gases 
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II. Utiliaation of the Explosive Force, Slo. — In the 
second part of the subject we have to consider the mechanical 
utilisation of the motive force, or the method by which it is 
turned into rotatory motion. This includes a study of the con- 
struction and [>arts of a gas engine, as the apparatus used for 
the translomiation of heat into useful power. There is this 
pevulisrity in its structure, that the cylinder contains in iteelf 
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furnace and boiler, and in it the motive power is developed. 
Before examining in detail the various types, it will be well to 
explain the principal parts of a gas motor, and its internal 
organisation. We will first enumerate these parts, and then 
describe the functions they have to ]>erform, as also the different 
operations taking place in a gas engine. 

Base. — The base plate on which the engine is fixed is of cast 
iron, and usually very solid. In some engines it forms a hollow 
casing on which the cylinder is bolted, and the air for diluting 
the gas is often drawn through it. In many of the modem 
horizontal motors using compression, the hollow base acts as a 
reservoir, and the mixture of gas and air is compressed into it, 
before passing through to the motor cylinder. 

Cylinder. — The cylinder, solidly bolted to the base, is either 
vertical or horizontal, according to the type of motor. Few gas 
engines have more than one motor cylinder, working single 
acting ; it is almost always open to the atmosphere at the crank 
end, and closed only by the piston. Except for large sizes a 
second cylinder is seldom needed to increase the motive power, 
sufficient force being obtained by the succession of explosions in 
one cylinder. With higher powers two or more single-acting 
cylinders are usually employed. As the great object in a gas 
engine is to allow the giises to expand as completely as ])OSsible, 
it seems at first as though this end would be best attained by 
making the engines compound, like steam engines, and causing 
the gases to expand successively in ditierent cylinders. Though 
often tried, this arrangement has rarely Ixjen found successful. 
Sometimes an auxiliary pump is used for compressing the mix- 
ture, or a charging cylinder for receiving and mixing the gas 
and air. Occasionally compression is obtained in the motor 
cylinder itself, and the motor piston acts on one side as a pump. 
A special featun* of gas engine cylinders is that, on account of 
the gn»at h«Mit developed, they are always provided with some 
apparatus for cooling the walls. In the smallest types it has 
been found RutUeiiMit to make the outer radiating surfaces of the 
cylinder ribbed or deeply indented, exposing a large cooling area 
to the air. In engines devi»loping above two or three horse- 
power, a jai'kta with water oonstjuitly circulating through it is 
indispeuHubh*. Am out* end of the cylinder is almost always 
open to the air, th«» cylinder metal is kept cool, and over- 
heating is prevented by oontaot with the outer air, but chiefly 
by the water jiu^ket. 

Pistons.- *rije piHtouH of gas motors luv very similar to those 
of st<»am engines, but longer. One or two typi«8 havo valves in 
the pistons, to mhnit uir <»r disehurge t lu» exiuiust gases. Plunger 
nistonH are generally uwd. 

TTalvoB, Tlie valv«»M of » gas engine have mo- i^ 

Amotions to perft»rm than tlio nthnission ami ext 
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a steam engine. Not only do they admit the gasea into the 
cylinder and discharge the products of combustion, but they are 
frequently used to assist in mixing and firing the gas ana sir. 
In the older types of engine, as in the early Otto, there ia 
generally one slide valve for admitting, mixing, and igniting the 
charge. It contains ports to receive and pass on the gas and air 
to the cylinder, and carries a lighted flame within a cavity to 
kindle the charge, after it is mixed and compressed. In most 
modern engines lift valves alone are used, but occasionally the 
mixture is admitted to the cylinder through cylindrical or piston 
valves, or » revolving disc. In most engines the valves are 
worked by cams on a. side shaft driven from the main shaft, or 
by eccentrics ; in others they are automatically lifted or closed 
by the pressures in the cylinder. 

TranamiaaioD. — As in a steam engine, the power is generally 
transmitted direct from the piston-rod and connecting-rod to the 
crank shaft, but sometimes through intermediate parts. Occa- 
sionally there is no connecting-rod, the piston working direct oq 
to the sbafL To obtain greater regularity in the action of the 
engine, the flywheel is usually mode larger and heavier than in 
steam engines. Most gHs engines have only one explosion per 
two revolutions, and the energy of the flywheel is required to 
carry the piston forward, take in a fresh charge of gas and air, 
and to bring it back to the dead point after explosion. 

In all gas engines five operations are required for a com- 
plete cycle — I. Admission ami mixture of the charge of gas 
and air. II. Ignition. III. Explosion. IV. Expansion. 
T. Exhaust, or the discharge of the gases and products of com- 
bustion. To these liHB been added in most modern engines a 
sixth, namely, VI. Compression. This cycle of work corresjmads 
to each explosion, hut not necessarily to each revolution; indeed, 
in many enfjines the number of revolutions and of explosions are 
independent of each other. The nature of these operations ia as 
follows : — 

I. AdmiBsion of the Gas and Air to the Cylinder. — This 
was formerly supposed to be a complicated process, and great 
care was taken to provide separate valves for admitting the air, 
and conducting the charge to the cylinder. Experience hoa 
shown that the air enters freely through any aperture^ which ia 
usually placed in proximity to the gas admission valve. Qaa, 
unless made specially on the spot, is admitted through a pipe 
from any ordinary Kas main. In the older engines, admission of 
the charge is made through a slide valve, as already described, 
moving to and fro between the slide cover and the cylinder. 
The gas pipe communicates with a passage in the slide cover, 
and a hole in the slide valve leading to a cavity. As soon as 
the cavity is tilled with gas, the movement of the slide brings it 
Opposite a similar ojwning in the cylinder, through which the gas 



OAS BKOIKBB. 



■lAnterfl. In later engines admiwion is etTected Uirough 4gHHH 
W lift valves. Before entering the cylinder, the gas usuKlly^B^^I 
through a chamber where it is thoroughly miied wiih its proper 
proportion of air, fuLmitted through » Eeinrste inlet. Huch 
importance was attached to this process of mixing before the use 
of compression, and different methods were resorted to, either to 
mis the gas and air, or to keep them in sepamte layers, and 
■tratify them as they entered the cylinder. It is now almoat 
universally admitted that these arrangements do not indaenoe 

ilhe explosion, and that stratification does not take place in Hm ■ 
manner supposed, owing to the compressive force exerted hy J 
the piston. The gas admission valve is usually connected to tM ■ 
governor, which regulates the quantity of gas entering, and H 
conaequently the number or strength of the explosions. 

II. Ignition. ^The gases being admitted into the cylinder, 

the next operation is to lire or ignite them. This is usually a 

delicate process, because the return stroke of the piston eierta 

a considerable pressure upon the incoming charge, which may 

blow out the flame. The difficulty is increased in modem 

engines by tlio previous compression of the gas and air. Three 

methods of ignition are employed. I. The electric .tparfc. 2, A. 

L K^ j*^^ constantly burning. 3. A tube maintained at a red best 

I by a gas burner. Electricity was the first means proposed and 

L adopted fur igniting the gases, and it is still largely used in 

K French engines. A current of electricity passes along wirea 

H placed close to the valve or chamber admitting the cbai^ of gM m 

Hmnd air, sparks are continually formed and fire the mixture. As 1 

^F the electric spark is sometimes found to be precarious in action, ] 

missing fire, and the charge is not ignited, an electric hammer is 1 

nsed to obtain a continuous stream of sparks. With dam« I 

ignition the charge, after being admitted into the slide valv« I 

and mixed, is, in compression engines, carried post a flame 

burning in n hollow of the valve. VVhen the mixture is ignited 

the pressure of the burning gas often puts out the flame, and it 

is then relighted by an external permanent burner. The slide 

valve is held against the back of the cylinder, and is worked by 

kn eccentric, but more often by a cam on the auxiliary or counter 

V shaft driven from the main shaft. In England the most general 

fcinetbod of ignition ia, at present, by a hot tube. At a given moment 

■the opening to this tube is uncovered, a portion of the charge at 

^■igh pressure is brought in contact with it and fired, and explodes 

^e romainder in the cylinder. The tube is kept at a red heat 

.7 ft gas burner, and ia easily replaced from time to time when it 

■ worn out. Formerly these tubes were made of iron, and were 

> short-lived " aa it ia termed; but now very small tubes of 

felatinum and other meials are used, which last moc" 

__j some of the older types of engines, where thr 

Kdmitted at atmospheric pressure, the gap 
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ftt one end of the cylinder by the Buction of the forward stroke 
of the piflton. At a i'<-rt»in moment a. small flap valve covering 
n flame burning on tht? outside of the cylinder is lifted by the 
pressure, the flame drawn forward, and the mixture thus ignited. 
Sometimes the piston itself, in its out etrolie, is used to un- 
cover the gas and air valves. In other engines the gases are 
ignited in a separate chamber; there is no explosion, but they 
enter the cylinder in h state of flame, and force the piston 
forward. 

III. and IV, Explosion and Expansion. — It is in the motor 
cylinder that explosion and expansion of the ignited gases almost 
always take place. To allow room for the compression and 
ignition of the charge, the clearance space is usually much larger 
than in steam engines, sometimes so largo that it forms a 
separate chamber, into which the gas mixture is compressed. In 
the earlier types of gas motors, the charge was drawn in during 
the first part of the forward stroke, explosion taking place only 
when the piston had almost reached the middle of tlse cylinder, 
It was soon found that this tardy explosion greatly limited the 
number of expansions, and the work performed by the gases on 
the piston. Later engines were designed to procure tlie explosion 
ae near the beginning of the stroke as possible, so as to allow the 
maximum volume of the cylinder for the expansion of the gases. 
In some vertical non-compression engines the clearance space 
is esceedingly small. Explosion of the gases takes place when 
the piston is at the bottom of its stroke, free of the crank and 
shaft, and drives it to the top of the cylinder. 

V, £xhaust, or discharge of the gases. — Various methods 
are employed in gas engines fur clearing the cylinder of the 
products of combustion. The unburnt gases are not at present 
utilised, like the exhaust steam in a condensing steam engine, 
and there is much conflict of opinion as to whether they should 
be completely expelled from the cylinder, or jiartly retained to 
mingle with the fresh charge. Most modern gas motors being 
single acting, or acting on one side of the piston only, the 
exhaust valve is seldom opened during the forward stroke. In 
some engines it only opens during half the return stroke, in 
others the whole of this stroke is utilised to expel the previous 
charge, while in a few engines a complete stroke, forward and 
return, is sacrificed to discharge the products of combustion, and 
cleanse the cylinder. Air under pressure is admitted to help 
the discharge in some modern engines. The exhaust valve plays 
an important part in a gas engine, because the high pressure in 
the cylinder is, of course, instantly reduced as soon as it is 
opened. Most gns engines are so constructed that the unburnt 
gases are allowed to escape at a relatively high pressure and 
temperature, which are thus wasted instead of being utilised. 
This is one of the defects of these motors which engineers should 



be most anxious to rcnied}'. In some vertical engines the piston 
ia toretsd up by the explosion and driven down by atmoapheric 
pressure, a vacuum being formed below hj the coolin;; of the 
gaws. Th(? opening of the exliauat valve at the bottom of the 
cylinder, by i^using the air bt enter, equalises the pressure 
above and )Hrluw the piston, nnd checks its descent. In the 
earlier engines the exbi,uBt was usually connected to the ndmis- 
■ion and ignition valves, ami one slide valve was made, during 
its motion to and fro, U) uncover the lliree diHerent openings. 
In others, and generally in the modern boriEontiil engines, the 
exhaust is under the cylinder, distinct from the admission 
valves, but worked from the same side shaft. 

VT. Compression of the charge. — The sixth operation in a 
«M en^ne is the compression of the gas nnd air before ignition. 
This is the most important modem improvement introduced 
into these motors. As compared with the other operations, 
compression has certainly great influence on the consumption 
of gas, and on the economical working of the engine. It is 
eflected in the following way :^A certain quantity of gas and 
air, in definite proportionti, are admitu^d into the cylinder. 
Instead of being immediately ignited the mixture is compressed, 
and its pressure raised — that is, the volume of gas and air is 
forced into a much smaller space than before, either by tha 
return stroke of the motor piston, or by that of a separata 
pump. It, for example, the charge occupied a space of 5 cubic 
feet, it is driven back by the piston till it occupies only, say I 
cubic foot, or one-fifth the previona apace, and the pressure is 
raised five fold. The method viauuUy adopted ia to allow 
the piaton to move out, and take in gaa and air behind it 
till the whole cylinder ia tilled ; the piston then returns, all 
tlie valves and ports being closed, and the mixture ia driven 
into the clearance space and compressed. The advantages 
of this process are, that the particles of gas and air are 
forced much more closely together, and when they are ignited, 
their power of expansion has been found by experiment to be 
much greater. Nor do they part with their heat bo quickly, 
being confined in a smaller space. Writers on the gus engine 
are unanimously of opinion that compresaion, previoua to igni- 
tion, ia the one great source of economy in gas motors, and this 
is confirmed by experiments. In the older non-compreaaing gaa 
engines, it was always difficult to raise the pressure of the gaaes 
high enough to obtain much work on the piston. In modem 
compression engines, on the contrary, the expansive force of the 
gases ia greater than can be properly utilised. 

The advantages of compression are — (1) 7" 
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required. 
pressui 



In the early engines, to 
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often very low. But with engines asing compres- 
e same charge occupies a smaller space, the cylinder 
(2) GreaUr eertainty and rapidity of 
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can be matle sroalkr. 

explosion. It is true that to ignite the charge, when com presaed, 
is more difficult than when it ia at atmospheric pressure, bnt the 
particles of gas, being closer together, ignition proceeds more 
rapidly when once started, and a more vigorous explosion is 
obtained. The flume is easily and surely traosmitied, permeates 
the whole mass almost instantaneously, and the entire force of 
the explosion is developed, (3) GrraUr economy of ya», because, 
inflammation being certain, a poorer (juality of gas can be used. 
Not only may the quantity be smaller in proportion to air, but 
the weaker charge, if compressed, wilt still explode, even when 
further diluted with the jirodncts of former combustion. (4) Aa 
a tmaller cylinder is required for lite tairte power, there is less 
wall surface to carry ofi" the beat generated by explosion. 
(See Chapters xviiL and xix., where this subject is fully 
treated.) 

Compression is carried out in two ways. If the engine has 
only one cylinder, it takes place in the motor cylinder itself, and 
& complete stroke, to and fro, is generally gacnJSced to obtain it. 
If a pump is added, the charge is compressed in it ; every stroke 
of the motor piston i.i then a workini; stroke, and the flywheel 
obtains an impulse at every revolution. The pump is worked 
from the crank shaft, and the six operations are divided between 
the two cylinders. The pump piston admits and compresses the 
charge, which ia then exploded and expanded, and the products of 
combustion driven out from the motor cylinder. The two pistons 
work more or less simultaneously, and the forward stroke of the 
pump dniws in the fresh mixture, during expansion of the charge 
in the motor cylinder. In other engines the pump is worked 
from a separute crank, set slightly in advance of the main 
(avnk. This cycle of operations is good, but its advantages 
are counterbalanced by the additional power required to drive 
the pump. OccasioaaJIy the gas and air are compressed into 
a separate receiver, and in a few engines the front part of 
the motor piston takes the place of the pump, and comjiressea 
the charge. 

Oiling, tc, — Lubrication, starting, and regulation of the speed 
ia a gaa engine, each require a ievi words of explanation. Oiling 
the piston is a matter of much importance, and must be care- 
fully performed. The high speeds and temperatures at which gaa 
motors work necessitate a continuous and skilful use of good 
mineral i>il- In steam engines there id generally a certain 
unouut of waier. hut the flames of a gas engine dry the internal 
-mr&ces, BJid unless oil is continuously applied, the cylindei- soon 
!s hot and U'ftins to suffer. Hence the im{iortance of 
'ubrication in all gas engines. They are usually fitted 



IS GAS EKOINES. 

with a special apparatas for oiling tlie various parts automati- 

Small gas engines can be quickly started, but witli large 
powers the process is not always easy. The engine should be at 
work in a few minutes, and the inertia of the working parts has 
to be overcome. All the larger motors are provided with special 
means of starting, such as a receiver, into which a reserve charge 
of gas and air is compresaed, or a handle or cam acting upon 
the exhaust valve to keep it open, thus reducing tht.- pressure 
in the cylinder. Sometimes a small auxiliary gas engine ia used. 
MM. Delamare-Deboutteville and Malandin claim to have intro- 
duced an entirely new systeni, first shown in their Siuiplex engine 
at the Paris Exhibition of lft89. Other devices for starting 
have lately been |iatented. 

Begulation of Speed.— To regulate the speed of an engine is 
rather a complicated process, and ia effected in a variety of ways. 
Many different kinds of governors are used, though the majority 
are constructed on the principle of a weight acting by centrifugal 
force. A common type is the hall governor, but pendulum 
inii air governors are also employ^, while S6tu6 governors a 



The governor is generally 
valve, but soiuetinies with 
ire the usual methods of 

; or less, of the gas admis- 



regulated by weighted a 
ia connection with the gaa aumiss 
the exhaust valve. The followi 
governing : — 

I. By regolating titt- o|irDing, i 
■iun Tslv«, 

3. By compleuly catiiog iitrthe supply of gas during a certain 
n via Ijcr <if stfik**. 

3. By admittiuK more or Iniw of the explosive chat-ge at a 
time. 

4. By acting on the exhaust valve. 

Sometinaea t«o or more methods are used with the same 
engine, according to the greater or less fiuctuatious in the speed. 
To vary the ijuantity of gas within certain limits is an effectual 
check. But if a smaller quantity he admitted than will ignite 
when mixed with air, a certain amount of iinburned t 



1 gas jMiBsea 
through the cylinder, and into the exhaust. The speed is reduced 
because there is no explosion, but the gas is wasted. To reduce 
the tota] quantity of the charge admitted may have a similar 
result, and give a weak stroke. The methods usually employed, 
therefore, in modem engines, when the governor acts upon the 
gas valve, is to cut ofl' the supply entirely for a time, when the 
speed ia too high. Air alone being admitted, there is no explo- 
won. The indraught of pure air certainly tends to cool the 
ider, but it also thoroughly cleansea it of the [iroducta nf 
T combustion, and a better explosion is obtained the p 
• ft complete charge is admitted. This is the method ad< 
e Otto and Atkinson engines. 
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The tendency in modem gas motora is to aimpUfy conatruction, 
and reduce tlie number of parta. Where only two lift valvea are 
employed, one for admission, the other for discharge of the gasea, 
the governor ia usually connected to the exhaust. Under normal 
conditions of speed the suction of the forward stroke lifta the 
ndmission valve, and allows the charge to enter. This valve 
closes as soon aa compreBBion begins, during the return stroke, 
and remains closed as long as the pressure in the cylinder is 
greater than that of tlie atmosphere. The opening of the 
exIiHUat valve reduces this pressure, and when the gasea are all 
discharged the automatic admission valve risea, and a fresh 
charge is admitted. If the apeed be too great the governor acts 
upon the exhaust valve, keejiing it closed. The pressure in the 
cylinder is maintained during the return stroke, the udmiaaioa 
valve remains closed, and no fi-eah charge can enter until the 
governor has released the exhaust. 



CHAPTER II. 

"CYCLES" AND CLASSIFICATION OF 
GAS ENGINES. 



ThBoretical Cycle, — The word " cycle," derived from the 
Greek, has the same signification as circle. As applied to 
mechanical motors it denotes a series of operations, at the 
end of which the working agent returns to ita original con- 
dition, aa at starting. The celebrated French engineer, Sadi 
Camot, waa the first to nse the word in this sense, anil for 
convenience it has been retained. Engineers have agreeil to 
designate as a " cycle " the successive operations taking place 
in a heat motor, though these can never form what ia termed 
a perfect or closed cycle. In every heat motor the same 
phenomena are repeated each time the gas, steam, or other 
working agent is introduced into the cylinder. In this sense, 
therefore, a given cycle of operationa ia periodically performed in 
these engines. The heat generated from a certain source passes 
into the engine cylinder to perform the work. That portion of 
heat which has not been utilised in the engine is transferred to 
a source of cold, and the difierence between these two aources (of 
beat and of cold) represents theoretically the beat expended i 
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a which the heat nrast bo 



work. A working agent is nefesttary, I 
unMrte<], and from which it is withdrawn. 

Tlie theoretical cycle imagined bj Carnot, and called after 
hhn, was a perfect cycle, that ia, the heat generateil was 
employe*! solely in doing work, and none was wasted. The 
mediam ur " power agent," steam, gas, ibc., was expanded, a 
fA»Um was propelled, a given amount of work performed, and a 
given quantity uf heAt transformed into energy to produce this 
work. As the piston returned, it compressed the agent, re- 
storing hy compression all the heat that had been expended in 
work, A perfect cycle was realised, since the whole heat 
wafl thus returned to its source, and the working agent to its 
original condition. In practice a perfect cycle is impossible. 
Whatever the agent employed, it can never really return to its 
original condition, and all the heat be refunded, because a 
consiilerable (quantity is in-ecoverably lost. Much heat will 
micape through the cylinder walls ; some will be wasted owing 
to imperfect expansion, passing out into the exhaust, and some 
will he expended in the friction of the engine. The more nearly, 
however, an engine approximates to the condition of a perfect 
cycle, and the more heat is expended in work on the piston, the 
greater will be the efficiency of the engine, and the higher the 
proportion between the useful work performed, and the heat 
received. 

Heat Efficiency. — It has been shown that the higher the 
temperature of the mixture of gas and air in the cylinder pro- 
duced by combustion, the greater the pressure, and, therefore, 
the greater should be the force exerted on the piston. On the 
other hand, the lower the temperature of the dischai^ed gases, 
the more heat will be expended theoretically in work. The 
heat efficiency is the ratio of heat turned into work to the total 
heat received by the engine. In practice this elficiency is 
always diminished by waste of heat thmugli various circum- 
stances. Nevertheless, it is necessary to expand the gases as 
much as possible, because it is only by complete expansion that 
all the available heat can be utilised in doing work. If the gases 
are compressed by the return stroke of the piston, this heat will, 
theoretically, he refunded. Such a cycle of operations can, of 
course, be only obtained in theory, but in any case the more 
complete the expaonion, the more the temperature and pressure 
of the gases discharged into the exhaust will be reduced. Less 
heat will he carried over from the cylinder, and more will 
remain to be utilised in it. Hence it is of the utmost import- 
ance to obtain as perfect a working cycle in a gas engine as 
possible. 

Types of Engines.— Different authors have adopted 

"j of classifying the various types of gas ci 

, but not very satinfaclory, way is to dividi 



ddiS^ J 

;ines. ■ 

thei ^ 
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horizontal and vertical. As a. rule, engines for targe powers &re 
horizont^, and for Rmall powers vertical ; liut in England 
almost all Hizes are made horizontal. There is said to be leas 
vibration than in vertical engines, anil greater power is obtained 
for a cylinder of the same size, but many foreign makers are of 
opinion that the sidvantages of vertical engines outweigh their 
defects. 

A more logical classification of gas motors, based on their 
internal working, is to divide them into engines drawing in the 
charge of gas and air at atmospheric pressure, and engines com- 
pressing the charge before ignition. This is the classiiication 
employed by the best authorities, and here adopted. In this 
way we get — 



Typu 



[ I. Non-oompressing engines ; and 

[ II, Compress' 



Each of these types may be subdivided into Classes a and b. 

Type I., Class n, includes non-compressing motors drawing in 
and igniting the charge at atmospheric pressure. The force of 
the explosion drives the piston forward, and the return stroke 
expels the products of combustion. This type of engine is also 
mada double-acting, giving an explosion or motor impulse per 
stroke on each side of the piston, and all the opei-ations of admis- 
eion, ignition, and expansion are effected while the piston moves 
once out and back again. The gases arc discharged at the end 
of the stroke. These double-ucting en^'ines are not tuuch used ; 
the original Lenoir is the beat example of the type. 

Type I., Clasi b, also represents engines, chiefly vertical, which 
draw in and ignite the charge at atmospheric pressure. The 
piston is forced up from the bottom of the cylinder, and performs 
no work, not being connected to the crtink. In the return 
stroke it is locked to the crank shaft, and descends only by 
the force of atmospheric pressure. This is the motor or working 
stroke, tn a certain sense this class of engine is also double- 
acting, like Class a, the piston receiving two impulses jier revolu- 
tion ; the first from the explosion of the gas below, the second 
from the pressure of the atmosphere above. The best represen- 
tative of this type is the Otto and Langen engine. In one 
variety, the Bisschop, the piston is driven up with great force, 
but is pcrmiinently connected to the motor shaft, instead of being 
free during its ascent. 

Type IL camprises all engines using compression, and like the 

Srst type ia di^ cd into two classes. In Clots a the whole cycle 

of work. iadMbuF compression, takes place in the motor cylinder 

to effect the various operations in one 

y to sacrifice one complete stroke, Com- 

*■ the expense of power, and the piston 
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moves twice backwards and forwavda for every explosion or 
motor impulse given to the crank shaft The well-known Otto 
engine is a typical example. 

In Type II., Close b, there is the same cycle of operations as in 
Class n, but instead of sacrificing a stroke of the motor piston, a 
special auxiliary cylinder is added. Admission of the charge in 
the pump, and expansion in the motor cylinder, are efTected 
simultaneously ; the return stroke in the pump compresses the 
charge, while the motor piston drives out the products of com- 
bustion, as in the Clerk engine. 

There are very few engines which do not belong to either of 
these types. These are chiefly aix-cycle engines, where the 
operations are similar to those described in Type II., C/oii a, but 
a third complete stroke is added, id order to clcaoae the cylinder 
thoroughly of the products of previous combustion by what is 
called a "acuvenger '' charge of pure air. To avoid the difficulty 
of having only one motor stroke in six, these engines are some- 
times made double-acting — that is, an explosion takes place 
alternately ut either end of the cylinder at every third stroke. 
Thus, thei'e are two impulses for every three revolutions, as in 
the well-known Griffin engine. The action of these different 
types will be fully explained later on. 

It must be remetubcrcd that, in describing the to and fro 
motion of the piston of an engine, and its action on the crank, 
there are always two strokes, the forward or motor stroke, and 
the return or exhaust stroke. The forward or up stroke is 
towards the crank, the return or down stroke is away from the 
crank. The position of the piston corresponding to the outer 
dead point is when it is nearest to the crank shatl, and that 
corresponding to the inner dead point when it is farthest away 
from the crank. These turms will be used in this work. 

The following table exhibits the different types and their 
cycles. The engines are assumed to be horizontal, except when 
otherwise mentioned : — 

Type I.— Non -compressing. 



One eiplcuioQ e&ub revulutiuu— 
(Example, Lenair. ) 



Clast b (vertical only). 
One exploBJou per revolution — ona 
cylinder. 
[£xunple. Atmospheric engine.) 



1. Forward or motor etroko — od- 

miuioD of charge of nax and 
air; ignition, explotioD, ex- 
paiieioD. 

2. Beturn struko — discharge of 



{I. Upsl 
pai 
Z Dowt 



stroke — admiirion of gaa and 
; itmition, explosion, si- 
pansion. 
Down or motor stroke— discharge 
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Type II. — Compresslnfr- 



One wplosion per two ren 
— ODe cylinder. 

lExkinple, Otto.) 



C/om6. 



Oho cylinder and one pamp-one J expgiiiion ; m pump-.di 

explosion per rovduti™,. \ „ „ »">"''' g^ 'lod a.r._ _ 

(Example. Clerk.) 



1. Forward stroke — admisniMi of 

gM nnd atr. 

2. Return stroke — ^compresBion. 

3. Forward or nio(r?r atroke— igni- 

4. Return ntruke — riiacbarge of 

gaaes, 

1. Forward or mot"r stroke — in 
cylinder— ignition, explosion. 



itrobe— in cylinder — dis- 
charge of ga)^eB-, in pump — 



CHAPTEE III. 
HISTORY OF THE GAS ENGINE. 

Coi(TlRT<. — ?'arly Combustion Engines — Gu Engines by HautefeuiUe, 
Hnyghena, Papio, Barber, Street, Lobon, Brown, Wrieht, Bamett, 
Drake, and others — Use of Town Gnu for Enginea^The Bnraanti kod 
Matteucui PaleDta. 

Early CombuBtion Engicea. — Thp earliest nttempts to obtaia 
motive power from heat were made by igniting inflammable 
powder, and utilising the force of the explosion thus generated. 
As a source of energy, this combustible powder was the first 
agent used ; it preceded the production of coal gas, or steAm. 
Strictly speaking, cannons are the oldest heat motors, and the 
principles on which they are constructed are identical with 
those of internal combustioD fngines. Heat is applied to 
explosive powder, and the expansion of the powder fumiahca 
the motive force to |)ropel a boll forward. In modern heat 
engines a piston takes the place of the ball. In thn early days 
of mechanical science, the energy shown in the projection of a, 
cannon ball seemed to afford a simple solution of the problem 
how to obtain power and motion by heat. But the power pro- 
duced by exploding powder in a cannon could not be used for 
practical work, because it was not generated continuously and 
regularly. To apply the expansive force of the giises given 
off during combustion, the combustible wiis exploded in a 
closed vessel, and made to act upon a piston. These early 
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combustion engines were iLe forerunners of modern gas moton, 
in which the power is also obtained by explosion. But though 
they were introduced ueariy a hundred years before the first 
Bteam engine, they were aoon abandoned, because it was found 
impossible to control tbe power generated, ^iteam was easier 
and safer to work with, and for more than a century explosive 
engines were wholly relinquiBhed- 

Hautefeuille. — The first to propose the use of explosive 
powder to obtain power was the AblM; Hautefeuille, the son of a 
baker at, Orleans. To liim belongs the honour of designing, not 
only the first engine worthy of the name, but the first machine 
using heat as a motive force, and capable of producing a definite 
cjuautity of continuous work. As such, he may be considered 
one of the originators of heat motors. In 1G7S he suggested the 
construction of a powder motor to raise water. The powder was 
burnt in a vessel communicating with a reservoir of water. As 
the gases cooled after combustion a partial vacuum was formed, 
And the water was raised by atmospheric pressure from the 
reservoir. Another machine described by him in 1C82 was based 
on the principle of the circulation of thn blood, produced by the 
alternate eximnsion and contraction of the heart. Here the 
water was raised by the direct eit)>ansive action of the com- 
bustible gases given off by the powder when ignited. This wa« 
tite first instance of a direct-acting engine, but no macliine could 
be made strong enough to resist the spasmodic expansion of 

jwder, as here proposed. 

Huygbens, Fapin. — Hautefeuille does not seem to have 

:tually constructed the machines he designed; but Huygbens, 
who was tlie first, in 1680, to employ a cylinder and piston, con- 
structed a working engine, and exhibited it to Colbert, the French 
Minister of Finance. The powder in this motor was ignited 
in a little receptacle screwed on to the bottom of a cylinder. 
The latter was immediately filled with flame, and the air in it 
was driven out through leather tubes, which by their expansion 
acted for the moment as valve*. The piston was forceil by the 

assure of the atmosphere into the vacuum thus formed. This 
the action shown in modern atmospheric gas engines, but 
Huyghnns found a difliculty in getting his valves to act pro- 
perly, and in 1^90 an endeavour was miule by Papin to improve 
ipoQ his principle. By providing tho valves with hydraulic 
ointB, Fapin contrived to make them tighter, and to obtain a 
tetter vacuum, but he found that, in spite of all his efforts, a 
fifth part of the air ntill remained in the cylinder, and checked 
free descent of thii piston. After various alteuipts to ovs^ 
9 this difliculty, he aI>andoiied the use of explosive powdf 
and devoted hi»i attention to steam. 

Barber. — For more than 100 years after those early attiM! 
«I1 the efforts of scienlifio men and inventors wore direct 
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the study of steam, and its applications to produce power. For 
the time there was no otlier known agent that could compete 
with it. Gas extracted from coal had not yet been applied as a 
motive force in engines, and experience had shown that explosive 
powders were too dangerous, and too intermittent in their action, 
to be used with safety. The first to design and construct iui 
actual gas engine was John Barber, who took out a patent 
{No, 1833) in 17'JI. Various circumstances contributed to the 
success of his invention. The steam engine already occupied an 
importnnt position in mechanicnl science, thanks to the genius of 
Watt, Newcomen, Smeaton, and others. Workmen had by tbia 
time been trained, able to turn out and adjust with fair precision 
the different parts of an engine, though good tools were still 
hardly to be obtained. The distillation of gas from coal had 
already been discovered by Dr. Watson, though it was not till 
17'J2 that Murdoch, a Oorniah engineer,* applied it to practical 
me. Barber made the gas required for his engine from wood, 
coal, oil, or other substances, heated in a retort, from whence the 
gases obtained were conveyed into a receiver and cooled. A 
pump next forced them, mixed in proper proportion with atmo- 
spheric air, into a vessel termed the " Exploder." Here they 
were ignited, and the mixture issued out in a continuous stream 
of flame against the vanes of a paddle wheel, driving them round 
with great force. Water was also injected into the explosive 
mixture to cool the mouth of the vessel and, by producing 
steam, to increase the volume of the charge. Barber's en^ne 
exhibits in an elementary form the principle of what is now 
known as combustion at constant pressure, but it had neither 
piston nor cylinder. 

Street.— The next engine, invented by Robert Street, and for 
which he took out a patent (No. 1983} May 7th, 1794. was a groat 
■top in advance. Inflammable gas was exploded in a cylinder and 
drove up a piston by its expansion, thus affording the first example 
of a practical intetiml combustion engine. The gas was obtained 
by sprinkling spirits of turpentine or petroleum at the bottom 
of a cylinder, and evaporating them by a fire beneath. The up 
stroke of the piston admitted a certain quantity of air, which 
mixed with the inflammable vapour. Flame was next sucked in 
&om a light outside the cylinder, through a valve uncovered by 
the piston, and the mixture of gas and air ignited. The ex- 
plosion drove up the piston, and forced down the piston of a 
pamp for raising water. In this engine many modern ideas 
were foresbawdowed, especially the ignition by external flame, 
and the admission of air by the suction of the piston during the 
stroke, but the mechanical details were crude and imperfect. 

"irsl praotical applicmtion of gua V 
•no and Watt Solio Kactiiry nei 



LebOQ. — A great improvement in tlie practical application of 
^ engines was made bv Philippe Lebon, a. French engineer, 
irho obtained a patent, Sept. 28th, 179SI, and a second in 1801. 
The firat was more particularly intended to describe the produc- 
tion of lighting gas from coal; in the latter he pnipoaed to 
ntiliae this gas to drive a piston in nn engine very ainiilar to that 
designed by Lenoir, sixty jears later. The inflammable gas and 
"aufhcient air to make it ignite" were introduced separately into 
the cylinder on both sides nf the piston, and the inventor pro- 
posed to fire the mixture by an electric spark. The machine was 
double acting, and the explosions of gas took place alternately 
on each side of the piston. Tlie most ittriking peculiarity of the 
engine was the piston-rod, working not only the motor shaft, but 
through it two pumps, in which the gas and air were compressed, 
before they entered the motor cylinder. Lebon also suggested 
I that the machine generating the electric spark should be driven 
I from the motor shaft. The excellent theoretical principles on 
which this machine had been designed were striking at that 
early period, Hnd marked a new era in gas engines. More than 
sixty years elapsed before the great advantagHB Lebon had bo 
clearly understood, of compressing the gas and air before igni- 
, tioD, were fully realised. The progress of mechanical science 
was perhaps retarded for many years by the assassination of thia 
. Bkilful engineer in 1804, before he had time to perfect the details 
• of his invention. Bui in any caae Lebon's engine was too much 
in advance of the timea to have achieved immediate success. 
The manufacture of gaa from coal was still in its infancy, and 
it was too expensive and difficult to produce to be used for 
driving an engine, while electricity was at that period so imper- 
fectly understood, that the ignition of the charge by an electric 
spark was alone aiilGcient to condemn the motor. 

Brown. — Lebon had many imitatora, especially in France, but 
the next to invent a practical engine was an Englishman. Samuel 
Brown, who took out two patents, No. 4874, in If 23, and No. 
6350, in 182G. Brown's gas engines were the first actually at 
work in London and the neighbourhood, and also the first in 
which the pressure of the atmosphere was utilised as a motive 
power. The principle in both was the same, viz., to produce a 
partial vacuum in a cylinder by filling it with coal gaa dames, 
. which drove out the air; the products of combustion were in- 
Htantly cooled, and the vacuum thus obtained utilised (o drive a 
, piston. Instead of explosion, combustion of the gasi^s was 
obtained by lighting them bv a small tiame as they entered the 
cylinder. The temperature of the latter was reduced by a watw 
jacket, and water was injected to help the vacuum. In hia ' 
engine Brown employed two cylinderN and jiistons, conneote 
driven down by atmospl 
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end, was aimultaneously raiaeJ. Part of the air escaped through 
valves in the piston, ami the burning gasen bein^ instantly cooled 
by the water injected, condensation was [irmluced, iiud a vacuum 
formeil. In hia second gita engine several cjlinilera were used, 
to obtain a continuoiia vacuum. The working acuon was the 
same, but the air escaped through the valve covers of the 
cylinders, which were successively lifted. As In the other engine 
the gases were cooled, after combustion, by the inji!Ction of water. 
These engines were, liowever, cumbrous and dilBcult tn work, 
and the expense of driving them with coul gas soon stopped tbeir 
manufacture. A drawing is given in Robinson's Ga« aTtd 
Pelro/eum Eni/irus, p. 105. 

Wright, — The next improvement in gas raotora woa the use 
of a governor to coulnil the speed, introduced by Wright in hia 
vertical doublivacting engine, jwtented 1833 (No. 6525). 
Wright's engine had one cylinder and piatoa, and one i-xplo- 
sioti waa obtained alternately at either end of the cylinder. The 
piston and piaton-rod were hollow, and the cylinder had a water 
jacket to counteract tlie intense heiit of the double explosion. 
Ignition was obtained by an external flame and a touch hole. 
The gaa and air were slightly compressed in separate reservoirs, 
before enterin;; the motor cylinder; their admiasion wus regu- 
lated by a centrifugal governor, and the richness of the mixture, 
or the greater or less quantity of gas paasing the valve, varied 
with the speed. The dvsign of this engine was carefully thought 
out, and its practical working details had not been overlooked, 
but it appears doubtful whether it was ever made. 

Bamett.^Five years later, in 1838, William Bamett, another 
Englisbmitn, took out patenta for tbree vertical engines. These 
engines conttuned so many novel and interesting features, and 
anticipated in so many wnys the latest improvements of modem 
science, that they mark an important advance in the construc- 
tion of gaa motora.* The first (patent No. 7615) had one 
working cylinder, single acting. Gas and air were drawn in and 
coinpreased by two pumpa, and passed into a receiver below the 
motor cylinder, where they were mixed. During the down 
stroke of the pumpa, while the charge was being forced into 
the receiver at a pressure of about 25 lbs. per square inch, the 
return stroke of the motor piston was discharging the burnt 
gases through the exhaust. All three pistons moved simul- 
taneously up and down. As the motor piston reached the 
bottom of its stroke, a valve at the side opened communication 
with the receiver. At the same time a revolving ignition cock 
f Immediately above the exhaust tired the mixture issuing from 
'he receiver, and the burning gases entered the motor cylinder 

B given in the Procetdinga of lAc fiul. 
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[ ttnni^ tlia Kimiuion port, and impelled the piston upwards, aa 

I ' llw onsk puaed Die dead jKiint. 

The ooBieal ignition vock, two views of which are shown at 
Fig. 1, it well designed, and lias formed the type for many 
similar arrsngein(>iit«. It consiyts of a hollow revolving plag, A, 
in a nhtll, E. There are two openings, d communicuting with 
the outer air, and e facing the cjlinder; the conical plug itself 
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has only one port. At thu bottom of the shell is a gaa jet, which, 
when lightrd, i> in the cnntro of the hollow plug. Aa the plug 
revolve*, th« slit in it is brought opposite the port, e, of the 
shell communicating with the cylinder, and pert of the higbly- 
ConiproMud gnwa [>aiB into thu hollow plug, and lire the charge. 
The fliinin iUilf in blown out hy thr force of the explosion ; but, 
as thn plug contiuues to revolve, iho slit is brought to face 
port d, ojK-ning to the alniuspheri', on thu outside of which ia a 
permanunl tii'cond gns flumt?, It. Hire the light ia rekindled, 
each lime it in brought round by the revolving plug. 

Barnett'i Hfcund engine wuh double acting, but in principle it 
resemblt'd Ihc firat. The third ougiue in its nicchanicid details 
diffiirod very little from the gai motors now in use, and modem 
ian&torB h&ve found it difficult to ituprovo upon it in theory. 
Om defect of Harnett's fortuer engiurs was that, as the receiver 
W ^Uging cylindrr was never swept out by the piston, a por- 
Uo& of the giist'R of combuKtion wa« not displaced by the new 
cotnpreMt^d charge of giu and air, but always rcnisiiied in it. 
Baraett projioted tu nvcrcomn this ditTiculty by the use of an 
exhaust pump 1 but in his ihii-d t'tiKuiK lie nlioILvhril both pump 
ami roct'ivrr. Tho gas and uir " i iti s 

eylindere, and d.'tivrred diroi't u ,i,<i( 

pump aliall was driven by a jiair ■>! mo 

■liaft> and the pumps mads twioo i> 
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piston. The engine was double acting, and the compressed gaa 
and air were admitted alternately to each face of the piston. 
The action of the engine and exhaust valve was bb follows : — 
The piston being at the bottom of the cylinder, the comjireBsed 
charge below it was fired by the ignition cock in the same way 
as in the single-acting engine. The piston drove up before it the 
products of combustion from the last explosion, and discharged 
them during the first half of the stroke into the atmosphere, 
through a port in the centre of the cylinder. As this port waa 
closed by the piston, the pressure below it fell to that of the 
atmoa|>here. The gas and air, already compressed in the pumps, 
were then delivered into the top of the cylinder, and still further 
conipresBed by the continued up stroke of the motor piston, 
together with a certain quantity of the gases of combustion left 
from the former charge. The mixture at high pressure was 
fired, and the piston driven down by the explosion, forcing ont 
the burnt gases below it in the first part, and compressing the 
residuum with the fresh charge during the second part of the 
stroke. At the bottom of the cylinder a fresh explosion took 
place, and the cycle was repeated. 

Barnett may justly claim the honour of having been the first 
to introduce compression of the gas and air in a practical shape, 
as now used in gas engines. Lebon, it is true, proposed to 
compress the mixture slightly before igniting it, but be did not 
work out the details, or put his method to the test of actual 
practice. There are three points distiiiguiishing Barnett's from 
previous engines. Ignition was effected at the dead point, and 
gave an impetus to the crank and piston during the whole 
forward stroke; the gas and air were compressed before ignition; 
and part of the products of combustion were utilised to increase 
the pressure in the motor cylinder. It is generally admitted, 
however, that Barnett did not recognise the merit of his own 
suggestions. Experience has shown that compression is essential 
to economy in a gas engine, and ignition at the dead point is 
also important, but Burnett apparently used both, without 
realising their value. Nor did he aeem aware of the difficulties 
of disposing of the gaaes of combustion, a point on which later 
inventors have dilTered bo widely ; for although he attempted to 
discharge the greater part, he evidently did not regard the 
presence of the remainder aa affecting the explosion of the 
mixture. In the opinion of Mr. Clerk, insufficient expansion 
was the fault of the later Barnett engine, a defect which it has 
hitherto been found impossible to avoid in double-acting 
engines. 

Two or three smaller engines were designed during the next 
twenty years, although nene of them seem to have been con- 
Btructcd. In 1841 Johnston described a motor in which he 
proposed to introduce oxygen and hydrogen gas into the cylinder. 
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■ad fir« thtitn. The force of the exjilosinn ilrove ap the piston, 
And a Vftcuum wns pruducMl bj th^ c»nd«Dmtion of the gases. 
Tbfl ttmn proccu wtu re|>eaLMi at tlie top of the cylinder, antl 
tbo piston wuM frirced down by the fresh explosion, ascending 
Uid dosc^ndiiig Alu.'nuitelj' lu a vacuum. The great cost of 
theM gascM was nuSciont la condemn Johnston's project of what 
ntav bo called a. cundensinjiC uxy-hydrogt^n engine. 

Bctwiren the years 1838 to 18G0 a large number of patents 
vero taken out both lit England and France, but most of the 
•ngincs nttver advanced beyond (he B|>ecilication. Sixteen 

SBU^nta wtiro granted from 1860 to 1860. Among the engines 
psignod were— Ador, 1S38; Robinson, 18*3; Reynolds, 1844; 
perry, 1845; Brown. 184C; Itoger, 1853; Bolton and Webb, 
18.13 ; EdingCfin, 1S54, and others. A few contain novel though 
impriietioublo features, and are described below, because, as 
inventions, they are interesting. 

Drake. — An Ingenious gas engine was exhibited by Dr. Drake 
at Fhiladelphix in 1843; the English patent (So. 562) -was taken 
out in 18&5 by A. V. Newton, In this horizontal engine 
ordinary lighting gus was uHod, niixod with nine or ten times its 
volume of atmospheric air, Much care was taken to admit the 
mixture iii pro[tt>r proportions, and the supply of gas was regu- 
lated by VHtves controlled by a governor. Tiie charge entered 
tiie cylinder at utniospheric prossuri', and was fired by a small 
tube kept at white heat by an external flame. The force of 
(he explosion drove out the piston, giving a maximum pressure 
of about 100 lbs. per squaro inch ; the mean eHective pre<iBure 
during the stroke, with n speed of sixty revolutions, and twenty 
indicated II. P.,* was about dti lbs. per Sfjuare inch. The cylinder 
had a wati>r jacket, und the piston was hollow. The engine was 
originally doublivacling, but when used in America it worked 
lingle-actiug only ; the valves on one side of the piston were 
kept always open to the iitmosplicre. The force of the explosion 
was very great, and owing to defective construction was chiefly 
directed against the cylinder heads, shaking the whole machinery. 
The engine was aftnrwards inodiHnd, and worked chiefly with 
petroleum. 

An im]ior(ant suggnntion, wbicli hns since formed the basis of 
many successful engines, was mailu by hegrand in ISriS. He 
proposed to aomprnsi Uie charge in tlie cylinder by the motor 
^ton, but the idea was abi^ndonud at the tinie, because Degrand 
reouired a large oylimlur to obtain pruvious compression. 

None of these engines worked suai'enifully, and many were 
sever made. One caune of their failure, which has not been 
muoh aotioed by writers on the xubjnot, was the diffioa* 

• U.r. - HorMl-owor. 
I. II, I'. - Indioatcd Hurw-Power. 
&U.P. - Uraks Horw-Poww. 
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of procaring lighting gas fruni 
large towns. The art of distillin 
and possibly few of the early in» 
gas would become a household c 
even in small villages, as water, 
and seldom available, and numc 
very practical, were proposed. 

made it became much cheaper; engineers saw in it a new motive 
power, concentrated their efforts to utilise it, and finally nohieved 
success. Another mistake made hy the early inventors of gas 
motors was, that they attempted to supplant, instead of to sup- 
plement, the steam engine. They did nut perct-ive the real 
advantages of the gas engine as a motar for small [towers, but 
tried to make economical engines up to 30 H.P., or 50 H.P., 
before the constructive details were thoroughly understood. A 
third difliculty in constructing practical gas engines lay in the 
ignorance prevailing on the subject. They were designed too 
much on the lines of steam engines. Most of the latter were 
double acting, and the inventors of the day could not divest 
their minds of the idea that a similar method, if adopted with 
gas, would give the same fiivourablc results. Experience has 
shown that the action of gas in a cylinder is very different 
from that of steam, and that gas engines must he differently 
designed. 

Baraaati and MattdiicoL — At about this period, however 
(ISCU), ami ewpecially after the |iroduction of the Lonoir and 
Hugoo engines, three defects had come to be recognised as the 
inevitable results of an explosion at each to and fro stroke of tha 
piston. The heat generated was so great that it had to be car- 
ried off as quickly as possible, and even with water jackets to 
the cylinder, parts of the engine sometimes became red hot. It 
was also impossible, in a double-acting engine, to compress the gaa 
and air before ignition ; and lastly expansion of the gases was 
greatly limited. The stroke of the piston was too short to utilise 
to the full the expansive force produced by the explosion, and 
the products of combustion were discharged at a pressure much 
above atmospheric. In this way, almost all the heat generated 
by the ignition and explosion of the gases was wasted. Many 
experiments were made, and many engines constructed, before 
it was realised that the greater the amount of heat utilised by 
doing work on the piston, the lower would be the temperature 
and pressure of the gasea at discharge, and the less heat would 
be wasted. The next engine, invented by two Italians, Barsanti 
, (ind Matteucci. showed a better knowledge of the principles of 
1 economy. In it a distinct step in advance was made, and an 
' important principle exhibited for the first time in practice, namely, 
ih^ nse of a free piston, and unchecked expansion of the charge, 
"this reason Barsanti and Matteucci's motor deserves attention 



G.IS BNCINEB. 



■ 



B not a practical work- 



aiid study, though, like many otiiers, it 
ing success. 

In this vertical atmospheric engine, as in Barnett's first motor, 
the idea of a cylinder closed at both enils is abandoned. Ex- 
plosion takes place at the bottom of tlie cylinder, the piston is 
free and not connected during tLe up slruke to the crank shall. 
The motive force is exerted only during the down stroke. A 
vacuum being produced below tlie piston by the coaling of the 
exploded gases, it descends by the atniosplieric pressure above it, 
plus its own weight. This is the first example of an indirect 
vacuum engine with free piston. Gas and air are admitted at 
atmospheric pressure through slide valves into the cylinder, 
where they are partly mixed, and fired by an electric spark. 
The piston is driven up by the explosion, without any check to 
its velocity, or to the ex]M»nsive energy of the gaseB. Before it 
reaches the top of its stroke the explosive force is expended, but 
it is still urged upwards by the weight of the different parts 
brought to a stand by the pressure of the 
i to descend ; a rack on the piston-rod 
catches into a, cog-wheel, driviog 
the motor shaft with it in its 
descent, and giving the positive 
or useful work performed by the 
engine. 

Two patents were taken out 
by Barsanti and Matteucci in 
England, the first in 1854, the 
second in 1B57. In the first the 
free piston was supplemented by 
a lower auxiliary piston imme- 
diately below it in the same 
cylinder. An outline drawing of 
the engine is shown at Fig. 2. 
A is the cylinder and F the 
motor piston; p is the auxiliary 
piston, S the flat slide valve 
actuated by a lever, F, connected 
with the rod E of the auxiliary 
piston, which passes through the 
bottom of the cylinder. The 
croashead at E is attached by 
two levers, not shown in the 
drawing, to the wheel D and the 
crank J, driven from the main 
shaft, butnot revolving so rapidly. 
As soon as the free piston F 
reached its lowest position p begins to descend, and air is 
itced between the two pistons through the passages a, b, e 




the slide valve S. As the auxiliary ^liston descenda, the slide 
valve is lowered with it by the lever F, the air port a is closed, 
and the gas port d uncovered, admitting gas to the cylinder 
between the pistons, through il, b, aod c. The slide valve next 
shuts olf d, nhen the mixture is fired by a series of electric 
sparks, the circuit being put on by the lever F. The piston P 
which has been at a stand, is now projected upwards, and p is 
forced still lower, driving out the products of combustion below 
it through the openings ii in the bottom of the cylinder. Tha 
pressure in the cylinder beneath the frei! piston is now below 
atmosphere, the valves i % close autoniatically. the channel / is 
uncovered, and as the piston rises, communication is established 
between the contents of the cylinder above and below the 
piston p, through f, e. and b. The working piston descends in 
the vacuum, driving out the exhaust, and the same process is 
repeated. 

The arrangement of the catch is novel and ingenious. The 
rod of the free piston F carries a rack, and as soon as the piston 
begins to descend, the rack gears into the toothed wheel L, 
ninning loose on the main shaft X. The wheel L has a pawl C. 
As the rack falls, and drags L round to the right, the spring « 
presses the pawl C into the teeth of tlie ratchet wheel B, which 
is keyed on to the main sliaft K, auil causes B and therefore K 
to rotate to the right. When the piston rises, the main shaft 
continues to turn to the right, but the movement of the wheel L 
ia reversed ; it revolves to the left with the up stroke of the 
piston, and 0, slipping past B, loses connection with the main 
shaft. To steady the motion of the engine two working cylin- 
ders and pistons were employed, driving the shaft alternately, 
and the flywheel also helped to regulate the speed. The rack 
and clutch gear form the basis of similar methods for utilising 
the dowa stroke in atmospheric engines, and have, with the free 
pistOD, been repeated with modifications in the Otto and Langen, 
Gilles, and others. In the Barsanti and Matteucci engine the 
modern slide valve was also first introduced, the main con- 
struction of which has since been retained, although the valve 
is often dill'erently driven. 

The second engine, patented fay Barsanti and Matteucci, had 
the long vertical cylinder and pistoflVith rack, but the auxiliary 
piston was abolished. The slide valve was worked fay a valve 
rod, and the details were much simplified. There was a& 
auxiliary as well as a motor shaft, both having pawls act' 
upon the rack. When the piston is in its lowest "^ 
slightly raised by the pawl upon the main shaft, 
is lifted at the same time by a smaller paw 
shaft, and air admitted through an outlet* 
the exhaust. As the piston and slide valv 
oCT the air, and opens the gas port. Thr 
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tliis port, the mixture in tlie cylinder is fired by an electric 
Bpark. and the piston driven up as before, free of the main shuft. 
During its descent the piaton-rod engages in the wheel and 
ratchet on the main shaft, causing the whole to revolve daring 
the down stroke. Aa soon as the pressures above and below the 
piston are equalised, and its descent arrested, it ia caught by the 
other pawl, and held down, to drive out the products of combuii- 
tion. The movement of the slide vnlve is reg'ulatetl in the same 
way by the two smaller pawls ou the luain and auxiliary shafts, 
acting on two projections on the vah-e-rod. The piston having 
reached its lowest position, is raised by the pawls uj)on the main 
shaft, to admit a fresh clitirge. 

In this engine a much better and freer expiinsion was afforded 
to the combustible gases than had hitherto been obtained. In 
fact there was no check to their expansion, except the weight 
of the piston, &c. But, notwithstanding its excellent cycle, this 
motor was never in the market, probably because the work- 
ing details and the mechanism were defective. That the main 
lines on which it was constructed were good, is proved by the 
fact that they wore adopted and successfully put in practice by 
Otto and Langen, though the German engineers appear to have 
designed their motor independently. The fundamental principle 
of the Barsauti and Matteucci engine, to utilise the whole force 
of the explosion in as complete expansion as possible, was excel- 
lent, and has not been improved upon. Few modem inventors 
have been able to approach as closely ihe conditions of a [)erfect 
theoretical cycle. 



CHAPTER IV. 
HISTORY OF THE GAS EHGlliE-(Continn^. 

COSTENTS. — Perioii of Applientioo^Tht 
Hugon'a KtigiQe.aaii'lreaca'aeiperii 
Beau de Kochaa' Cycle of Opera tioui. 

Aaopr the year 1S60 the impoi-tance of the gas engine had 
become widely recognised. Great as was the perfection to 
which steam engines had beeo brought, it was felt that they 
did not, and could not, supply the various reijuiremeuts for an 
economical motor. The necessity for some other kind of engine 
had already been pointed out by Cheverton in 1826. In a 
letter to the Mechanic's Magazine he says — "It has long been a 
desideratum in practical mechanics to possess a power engine, 
which shall be ready for use at any time, capable of being put in 
a without any extra consumption of means, and without a 
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loss of time in its ].rer»irat:o:i. ThrSi? qoalirfes Trould make :i 
applicable in cases wher- r-: a sn^all tower is wir.t*^i. and only 
occasionaliv required. Thej are so ZLim-^rous. and the conse- 
quent saving of human streszth Toild l-r «•:• sr^at, that the 
ad%'antages accruing to S'l-eietv wou'd ce imm-n^e, if even the 
current expense were m^ch greater than that «■: steam." Xo 
words could better describe the present advant,4jes of the gas 
engine. 

Application. — In t r.e historr of sra.? nr.r.tors three reriods mav 
be distinsruisLed — 1. Invrnii'^n: i'. Apjili'i-ation: Z, Theoretical 
and practical inipr.vrr ent. Thr rlrs:. the t-rri-i-i cf inv^^ntion, 
was over. Hvdrr.?-n. indamT:.i'r:e i->wder. ar.d 'ith-r exriosives 
were no longer us^ in enzi-e ovlind-=-r«. ani ca* wa,i a*.rea»iv 
recognised as the n-ist siiitahle ni*'i:'*.rr., next to ste^m. for 
atilisin'; heat as a n*' tive t^-Tsrer. In the CTon^tr-^-rtion of the 
gas engine, much h-s i r-een a«:h:rv*-i }jv r;.r«?hiin:oti*. in^'enuity. 
All the parts ha/i >>en desizn^^i. and the details tl.'-jr.t ou*. 
Scarcely a ^'insi-r ir;-rr'/Vr:i.<:r.: ra.* 'een •"::j:e*te'i in n.'.dem 
engines, which may n.t >>- fo-.ni in th*- dra-*in^'? ^^f I>:'rx^n. 
Barber. Street. Eiarr.ett. ir. i '.thers. In tr.r w ri^ of Prif-rssor 
W i tz — "The ?=ts i: . r t r h a-; *rx^ n : :. vr n t*^i : t h r i ro 1 1 *^ ir- w as 
how to make it a w.^rkini: s-cc-s.--' It :s hrre th^t "are ent'-r 
on the s*-con'i T-rrir- :. -.if A:r'-::Skt: :.. Thit '.:::. ^. tv.. ?.&.=? now 
passed . Praot i -i-al t x t-r rl f: :. :r h a.-? 1 .n j '^-r- n h r v -j /:. t t .. h-r ar on 
the cf-nstructi'-n -.f t":.- .-'»-• * r.rir.'^. " -t t:.e r:.iiin.-::. -<:t:!:*i4it:on 
of the heat i* s*-;! '* r r. '.'■^l. '■ft:.- f-t r-. 

Ijenoir . — F* i o :?. t h : - i^ , : :. t ' . * v ; - -*- . •. : .- :. • r. - ; r o: : * v ; r . ^ 
in ven t ed and i r. t r ■ y i -J *>- i t h - :: r- 1 : rt'i- : : '.^ ! -» ^/ ■ .•: . ;. j ja • <- :. L'i -'. e 
justly beionir-* to L-no:r. H.t Tr^-eiinv^*.! n-. •• t r'yrt:. :.o n'-w 
features. r.»ut }.«• "Aas &''•!-. no* or. y •••, :.. ir:- :..- *-:.;.'::,'- v. --^r*:. 
which no on e h ad h i t ;. *: r* o '- 'i 'y:-— i ^ i : :. ''::.;:. o - 1 • o "*' ', ' ic 
rapidlv. silentlv. ar.d- as &• :!r-.t • .r t^/-.--*:. v. .-'r ♦ co;. -.::.: i-i.-v 
than St "^am. Co-t ar.d -:^.r -er- •-•':-•--; •. v t: - <i'/r-. -r o: i 
boiler, and not ?i : r. .' c ^; ^ d a j : ^ r-r. • . ;. '. *r - ! •:. :. . - r . :. ', r - -- 1 v r •.. **-^i 
to drive rnachin-.'-y of ev^-ry >:>.;.. -.r.-'i:. •:.- : «r * ::. •.•',. -. I*-* 
succei«s was ur.do'j"'.t'-'i. a:.'; '-■. rrv o:.*- ■»;!- t—.j--: to ,-^- :•, Th'- 
partisan s (»f Jy-i.oir ! o '^ i . y %. r. : '. -, :. :'. ■': *• r, t . y i ::. rr '- ': • :. i • * ;. *- r *- i ;r r. 
of steam was over, ar.'i t.^* .t -ao.. , '■«- >;. r; '•':.i •':.-. '-.:'-•»-';«-'] 

■ ■ 

by gas. Th e e':o r. '. : :. y ;» * t : . ', '.*■ o' t^/ * >. *- \j- :.'..' ::.**,'. >.-.': '-/h-j- 
gerated l>y r*-p<^>rt. i:.';r''i'>- . .•- y,: . >»-*•.-. A.*, o ,;';. :/.<»/;'• ;it 
a time when v e r.- . . 1 1 . v * % • #- .•. o * :. o • • :. ': • :. ■ ', - v ', f t r, «- / • >, 
engine, and its action w.i-- .- 'r-rihr./ .:.-'*///.. * - r.^-^- r; ',»\r 
waa credited with a:i «-■ :,- :; v ..-. •;.- ",;. - .:;.:,•.' .-. ',: ;->.' •.....• 
inTentors, aft^r 1 1. i r* v -. '^ r • of - * - •. ^ '. . *^ • - .- . •- ;. ' * 
^le to rea.ir". 

»r took o«j \ ;. ! - :! r v t • -. • ^- -. * . - f r ■; : ','• J ^ r. :r » ! '' 

No, 33-7, ¥*-'.> ". .". 7;." '.-.:'.'.'■■ ..'-•*- .'.-.:>', .y 
'^VIAOtii. a f r*- :. ' h *: .'- ;o r. ■ ' ' '• -o o >- .v. ■'•.>: r. .' :ii, •.. . 
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undoubtedly contributed to their succeM. During the first year 
one was constructed of 6 H.P. and another of 20 H.P., and ao 
great was the demand that, in live years, between three and foar 
hundred motors were made in France, and a hundred in England. 
This is a large number, considering that the gas engine was still 
on its trial. A Lenoir engine wtis used to propel a boat on the 
Seine, and for twenty years water has been pumped by another 
at Petworth. The construction was undertaken by the Reading 
Iron Works in England, and the Gompagnie Lenoir at Paris. 
In 1863 the patent of the latter was acquired by the Compagnie 
Parisienne de Gas. 

The uaual reaction from sucii undue praise and indiscriminate 
adoption of the new engine fallowed. The chit^f cause of its 
sudden fall in popular esteem was the discovery, that it consumed 
much more gas than it was said to do. Some of the advocates of 
the new motJir claimed a consumption of 31'T cubic feet of gas 
per H.P. per hour; others instituted a comparison with the 
steam engine, to the disadvantage of the latter. Thus, it was 
asserted that the cost of working a 4 H.P. steam engine in 
Berlin was 6s. 6d. per hour ; for s, Lenoir engine of the same 
power it was said to be about half. These figures were greatly ex- 
aggerated. In practice the Lenoir engine consumed from 88 
to 109 cubic feet of Paris gas per H.P. per hour. A brake 
experiment gave a mean of nearly IOC cubic feet, and this was 
about the average consumption for small powers. The tjuantity 
of water required for the cooling jacket was considerable. The 
heat generated was so great that, unless the engine was copiously 
oiled, the working parts were injured, and it was brought to a 
stand. Hence it was sarcastically said that '' the Lenoir motor 
did not require heating, but oiling." 

In the reaction which now set in most of the Lenoir engines 
were at once abandoned ; some were broken up, and a fe» 
turned into steam engines. This sweeping condemnatio 
hardly justified. The engines possessed many advantages, which 
were as completely overlooked as their defects had been at first. 
They were easy to transport, to fix, and to set to work, and, when 
constructed for small powers, were very useful iu rai 
superseding manual labour. If the consumption of gas was 
heavy, the original cost of construction was said to be less than 
that of a steam motor. The engine could be started at a 
moment's notice, and when not running, no expense for gas 
was incurred, while it has hardly been Burpiissed for silent, 
smooth, and regular working. But these were not the chifif 
merits of the Lenoir engine. It was the lirst to compete with 
steam for small powers, and to familiarise the public with the ida» 
of obtaining motive power from gas. The advantages of thaMtj' 

otors were so great and so |iatent that, when the Lenoir TCf 

'idually superseded, it was replaced by other engines drivsal^ 
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gas. Ita very defects acted as a stimulus to fresh efibrts, and 
kept the subject before the minds of inventors. Once accOB- 
tomed to the easy action of a gas engine, in which it was only 
necessary to turn a, valve on the gas main, and another on the 
water supply, to set the machine in motion, many people refused 
to return to the laborious process of generating steam in a 
boiler, 

Lenoir was hiraaelf fully alive to the faults of Lis engine, and 
continually studied to overcome them, but he started from a 
wrong basis. He attributed the extravagaut consumption of 
gas to the rapidity of explosion, which affected the action of the 
engine injuriously, by producing a sudden rise and fall in the 
pressure. In commou with later inveottirs, he endeavoured to 
diminish the force of the explosion, and to obtain a slower com- 
bustion of the gases by stratili cation, and in a second patent. 
No. 107, January 14, ISCl, he also proposed to inject a littlt) 
water into the cylinder. lu his opinion it would help to lubri- 
cate the engine, take up by evaporation some of the heat 
developed, and, above all, cool the charge and retard explosion. 
The injection of steam into a gas engine cylinder has since been 
often suggested, and put in practice, without producing any 
real economy — ita advantages and defects will be considered 
later on. Lenoir himself does not seem to have carried out 
his proposal. 

The much vaunted and much abused Lenoir gas engine resem- 
bled in construction a double-acting horizontal steaia engine, and 
the gas was ignited electrically. Gas itnd air were admitted at 
both ends, drawn in by the piston during the first part of the 
Stroke, and then fired and expanded. Admission of the charge 
was cut off, either at half stroke or a little later. As ignition 
with the electric spark was not always instantaneous, it occa- 
sionally happened that the piston had passed through a con- 
siderable portion of the stroke before explosion occurred, and 
incomplete expansion was the result. The cylinder, both covers, 
and the chamber into which the gas was admitted, were water- 
jacketed, and the circulating water was used over and over 
again. 

In the original drawing of the engine, shown at Fig, 3, A is 
the motor cylinder, in which ia the piston P. The piston-rod 
works tile coonecting*rod C, and crank shaft K, through the 
croashead D. Two eccentrics, G and H, on the crunk shaft, 
work two flat valves, S and S[, on either aide of the cylinder. 
The slide valves, S S, admit gas and air Into the cylinder, and 
those at S, S,, allow the products of combustion to escape. The 
latter each contain one exhaust port ; and these are brought into 
line with the exhaust openings shortly before the end of the 
stroke, to lot out the gases of combustion, and close over them 
ma the fresh mixture enters. Through the exhaust ports the 
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These valves are made with small cylindrical holes ^ inch in 
diameter, alttrnatiug with larger apertures ^ inch by J inch 
diameter. The gas eoters from L through these holes, while the 
air is admitted through the ends ol the slide valves, which are 
open to the atmosphere, and passes through the apertures in the 
proportions of about 1 of gas to 12 of sir. This arrangement of 
comb'shappd grooves and )>itssBgPS is continued throughout the 
whole thickness of the slide, and the eU'ect is to cause the gas 
and air to flow to the cylinder in separate streaniH. By thus forc- 
ing them to enter without mingling, a better straliti cation of the 
charge was supposed to be obtained. Lenoir's idea sbbuis to have 
been that the ignition flame would he propagated from one 
stratum of gas tu the next, through the dividing layers of air, but 
this appears doubtful, and it has been questioned whether any 
real stratification of gas and air takes place. At either end o! 
the cylinder is a small projection at b and b., to widch wires are 
attached from the coil and electric battery, M. 

The action of the engine is as follows : — The exhaust valves 
being closed when the piston is at the extreme end of the stroke, 
as shown in the drawing, the energy of the flywheel is sufficient 
to carry it forward. The air port, which is very large to prevent 
throttling, is already slightly open, the g«s valve now opens, and 
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Fig. 4— Lenoir Engine — Section of I^Under. 

e charge is mixed in the main port of valve S before being 
awn into the cylinder by the forward stroke of the piston. 
Meanwhile the pressure on the other side of the piston has been 
reduced to that of the atmosphere. Before the admission valve 
is completely closed the electric spark fires the mixture, and the 
piston is thus propelled forward to the end of the stroke, the 
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!, but the action of the water 
pressure. The exhaust 



pressure rising to 5 or 6 atmosphi 
J&okct cools thK cylinder, and redi 

vnlve hits a nlighl lead, and opens a little before the end of the 
stroke, allowing the gases of combustion to escape at a pressure 
of 1 '5 to 1'8 atmosphere. The same process is repeated during 
the return stroke. A certain proportion of the gases of com- 
tmation are always left in the cylinder, but their pressure is low, 
«nd the clearance xpaces are very small. The temperature of the 
escaping gases is given by Professor Schottler at about 200' 0. 
In an experiment by Tresca it was 220° 0. 

Fig. 4 gives a sectional plan of the cylinder, in which the 
admission of gas and nir are slightly modified ; the parts are 
lettered as in Fig. 2. Here the main admission port is open tn 
the atmosphere, and is covered with a perforated brass plate, 
which extends downwards, so as also to cover the gas port. As 
the gas enters, it ia forced to pass up and down through small 
liolos in the metal plates, and to mix thoroughly with the air 
before entering tlie main port, but this arrangement, like that 
nlroady described, was not found to work quite satisfactorily. 

lake most of the early gas engines, the Lenoir was igDited by 
an electric spark, as shown at M, Fig. 3. A battery with two 
Bunsen cells, connected by a Ruhmkorff induction coil, and an 
electric hammer, produces a continuous stream of sparks. The 
uontact maker N is in connection with the crosshead D, and 
piston-rod, through which the negative current ]>asEes, and the 
mass of the engine is negative. The positive current passes 
through wires insulated in jwrcelain tubes, leading from the two 
«nds of the contact maker to the two projecting points, h and 6j, 
*t each end of the cylinder. Contact is formed alternately 
between them by a projection moved to and fro by the cross- 
head. Although carefully designed, this apparatus was o{>en to 
aome of the usual defects of this system of ignition ; the points 
occasionally missed fire, and the spark was retarded, or failed. 

The speed of the engine was regulated in the ordinary way by 
li centrifugal governor acting on the gas admission valve, and the 
supply of gas was wholly cut off, as soon as the speed exceeded 
the normal limits. The oiling was always defective. Ordinary 
lubrication by hand was at first used, but this was soon found 
insufficient to counteract the great heat generated in a double- 
acting gas engine. The piston frequently became red hot and 
heated the incoming chnrge htfore ignition, a defect which 
later inventors have endeavoured always carefully to avoid; 
•nd the temperature was so high that, nnleiis frequently and 
«opiouBly oiletl, the ent;ine would not work. 

It is alwars less difficult to start a non-compressing gns engine 
.ftWl electrically than n compression engine, and the Lenoir 
ros very easily set in motion. The flywheel was tn- 
1, nnd the piston moved forward, drawi^^u^e exp 
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mixture. At ttie same moment electric contact was eatabliabed, 
a apark fired the charge, aDd the explosioa drove out the piBton 
over the dead point, after which tlie engine worked automatically. 

The earliest trials on record of any gas motor are those made 
bj Tresca in 1861 on the Lenoir engine. The first experiments 
were on an engine of ,t H.F, with a speed of 130 revolutions per 
minute. The proportion of gas to air was one-tenth, the maxi- 
mum pressure obtained 4*87 atmospheres, the consumption of 
Paris gas was 112 cubic feet per H.P. per hour. In a second 
trial of a 1 H.P. engine, the quantity of ga^ used was reduced to 
96 cubic feet per H.P. per hour, or about four times the average 
present consumption. The maximum pressure in the cylinder was 
4'3G atmospheres, number of revolutions 94, and the proportion 
of gas to air I to 7}i. In both engines more than half the total 
heat was carried oBT in the water jacket, and Tresca calculated 
that only 4 per cent, was utilised in useful work, the remainder 
being discharged with the exhaust goaes. The aveiage con- 
sumption of oil was about 10 lb. per hour. Other experiments 
were made by Lebleu, Eyth, and Auacher, and aa important 
trial was carried out by Mr. Slade in America. The engine 
tested was about 2 H.P., anil ran at 45 and 50 revolutions per 
minute. The maximum pressure in the cylinder was 63 lbs. 
above atmosphere ; the consumption of gas was not determined. 
Fig. 5 shows an indicator diagram of the Lenoir engine. 

Twenty-tive years later Lenoir, who was incessantly endea- 
Touring to perfect Lia iDTentian, brou;;bl out a aingle-acting 
compreaaion engine, using Beau de Rochas' four-cycle. It will 
be described among modern motors. 

The success of the Lenoir engine produced a liost of imitators 
and rivals, several of whom set up a prior claim to the inventton. 




Lenoir Enginu — Indicator Diagram (Slade). 



Reithmann, a watchmaker at Munich, declared that he had 
■designed an engine siinilar to Leooir'a, for which he had taken 
out a patent, Sept. 1 1, 1858. It was described in the " Bayerische 
Kunst und Gewerbeblatt," but, if ever made, it never reached 
a practical stage. A more formidable opponent was Hugon, the 
Director of the Paris Gas Company, whose original patent also 
lUtea from Sept. 11, I8.18. It is certain that I^enoir worked 
npendently, and that bis invention as a practical engine was 
■st in the market. 
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Hngon. — Hugon'a vertical gas engine did not appear till 
1862. His original intention, as stated in his first patent, was 
to construct an atmospheric engine and utilise a vacuum. He 
ftbandooed it in favour of a direct-acting engine similar in 
principle to Lenoir's, which he patented in France, March 29, 
1865 (No. G6,80T). In this engine Hugon introduced several 
novelties and improvements. Flame ignition waa substituted 
ibr electricity, and a small quantity of water was injected into 
the cylinder at every stroke, to cool and lubricate it, and to 
economise the consumption of oil. The arrangenjent of the slide 
valves, although complicated, was ingenious. The flume to ignite 
the charge was carried to and fro in a cavity inside the valve, 
and Hugon's engine afforded the first practical iliustration of 
this method of ignition, afterwards so generally used, The 
defects of Lenoir's engine were the great heat generated, retarded 
ignition, and insufficient expansion of the charge. These faulla 
Hugon hoped to avoid by flame ignition and the injection of 
water, and it cannot be denied that his engine was superior in 
economy, and in certainty and rapidity of explosion. Firing the 
gases by a permanent flame was an improvement on electricity 
as then employed, but the consumption of gas was still very 
large. The engine did not find much favour, even in France, 
nor supersede ^e Lenoir to any great extent, though it worked 
smoothly and, except from the economical point of view, satis- 
factorily 

In this vertical, single cylinder, double-acting engine, air and 
gas are admitted, as in the Lenoir, on both sides of the piston 
at atmospheric pressure. The piston P and piston-rod in 
cylinder A drive the shaft through (v forked connecting-rod and 
crank, as shown in Fig. C, taken from Schottler's* careful descrip- 
tion of the engine. An eccentric on the same shaft works the 
rubber gas reservoir 0, from which the gas is pumped under 
slight pressure through the pi|)e a to the cylinder. A smaller 
gas reservoir, D, supplies gas for the ignition flames. The valve 
rod, actuated by a second eccentric on the crank shaft, works the 
two admisELon valves, S and S,. A small pump, B, is driven 
from it, and injects water into the cylinder through the supply 
pipe d and the small openings d-^ and d^. The msin slide- 
valve S has five openings, e and e^, the igniting ports containing 
the two gas jets for lighting the mixture at each end of the 
cylinder ; g and g„ the admission ports which receive the mix- 
ture of gas and air from the tube a, through the openings in the 
auxiliary slide S, ; and h the exhaust valve, discharging tlirough 
~K. into the atmosphere. In the second and smaller slide valve, 8,, 
there are only two ports for o])eniug communication between the 
main slide valve and the gas reservoir C. By the action of tbii 
slide valve the sudden admission and cut off of the slide an- 
* SchOttler, Die Oiu Matckint, p. 23. 
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obtained, which form a principal feature of the Hugon engine. 
The valve is driven by the bhdib valve-rod as the valve S, 
through a pin working in a slot ; J and /. are permanent gas jVts 
to rekindle tlie flame at e and ej, when blown out, as it is each 
time, by the force of the explosion. There are two main ports, 
serving alternately for admitting the charge to the cylinder 
and igniting it, and for discharging the gnses of combustion Into 
the exhaust; this arrangement has since been altered. 




C GasSemrvc 



Fig, «.— HugoiiGi 



The action of the engine is «& follows : — When the piston is 
at the top of its stroke and begins to descend, the principal slide 
valve S is driven down, and the jKirt g comes immediately 
opposite the upper main cylinder port, forming a connection 
between it and a port in the outer slide valve S,, admitting gas 
and air from C through a. At this [tart of the stroke, the position 
of the slide valves ia the following : — The light at e is in process 
of kindling by /) ^ is opening on to the main port, while at the 
of the piston the products of the last explosion are di»- 
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ohftrging through h into the exhaust. TJic port g being mach 
smaller than the main port, the supply of gas and air through S, 
is soon cut oS, but the communication of g with the mun port 
is still open wlien the slide is suddenly driven down by the 
movement of the eccentric on the shaft. The gas flame e is 
brought opposite the inflammable mixture, and spreads through 
it, and back into the admission port. Explosion takes place 
when the piston bus jiasscd through about four-tenths of the 
stroke, and drives it down through the remainder. The piston 
and slide valve now begin to rise, and the same process is 
repeated at the lower end of the piston and cylinder. As, how- 
ever, the valve in its upward progress must ngain cross the 
admisBion passages in slide Sj before reaching the top of the 
cylinder, gas and air would be admitted at the wrong moment, 
and the rapid admission and cut off could nut be obtained unless 
this valve were closed. It is driven down by the pin projecting 
from the main valve, which catches and carries it in the same 
direction. A spring then holds it in position, and does not 
release it until the slide S has begun to return. 

The main ports, the clearance spaces at either end of the 
cylinder, and the small admission ports make up together a space 
in which about 30 per cent of the total charge remains after 
combustion, instead of being discharged by the piston during 
exhaust. At the moment of ignition, this percentuge of burnt 
products is much weaker than the fresh explosive mixture of gas 
and air. The incoming charge, cut off almost immediately by 
the down stroke of the piston, and brought directly after into 
contact with the flame, is easily and instantaneously fired. 
Explosion is far more rapid than in the Lenoir engine, and a 
longer time is afforded for expansion, and for the dilution of the 
fresh charge with the products of combustion. The explosive 
action being much surer, weaker mixtures can be employed, and 
in some of the experiments the proportion of gas to air was as 
low as 1 to 13-5. 

The speed in the Hugon engine was regulated, as in the 
Lenoir, by a governor acting on the gas valve, and the admission 
of gas was entirely suppressed, when the velocity exceeded cer- 
tain limits. The engine was lubricated in a similar way to a 
steam engine, but there was not the same necessity as in the 
Lenoir for a continual use of oil, because the water injected into 
the cylinder partly supplied its place. The motor was easily 
started by lighting the external and internal gas flames, and 
giving a few turns to the flywheel. 

In 1866 and 1867 Tresca made two experiments in France 
on a 3 H.F. Hugon engine. In the first the speed was 53 
revolutions, and the maximum pressure in the cylinder 3-27 
atmospheres. The temperature of the discharged gases was 
186° G., and the gas consumption 92 cubic feet of Paris gas per 
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H.P. per hour. In the second experiment the highest mean 
pressure was about 3'8 atmospheres, the temperature of the 
exhaust gases 190° C. The gas consumptioQ was aliout 77 cubic 
feet per H.P. per hour, not including that used for the ignition 
flame. In an experiment made by Mr. Clerk on a J H.P. engine. 
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Fig. 7.— Hugon Ejigine— Indicator Uiagram. 

the maxiniuni pressure was 35 lbs. per square inch, and the speed 
75 revolutions per minute. Fig. 7 gives un indicator diagram 
of this trial. 

SiemenB. — About this time thesubject of heat motors engaged 
the attention of Sir William, then Dr., Siemens, and he took out 
several [latents for gas and hot air engines. Hia regenerative 
engine will be described in Part II, Although continually 
working on thia subject, he does not appear to have constructed 
any engines, being so much occupied with other matters. 

A few years later, a gas engine was brought out by Messrs. 
Kinder >t; Kinsey, closely resembling the Lenoir, but presenting 
no new featuies. The consumption of gas was said to be about 
70'5 cubic feet per H.P. per hour. 

The defect of both the Hugon and Lenoii- engines was the 
large consumption of gas in proportion to work done. Thia 
extravagance checked the sale of these engines, and they ceased 
to be extenaively made, even before others had been invented to 
take their place. Their failure was attributed to want of 
stratification. The gases were supposed not to be properly 
mixed, and it was hoped, by altering the arrangement of the 
valves through which they entered the cylinder, to remedy the 
defect. Inventors long thought it possible to distribute tho 
admission of the charge in such a way, that the gas and air were 
introduced either in separate layers or thoroughly mixed. Both 
Lenoir and Hugon were of opinion tliat the shock given by the 
explosion was too violent, and needed to be weakened. These 
erroneous notions were gradually abandoned, and the real 
reasona of the want of economy were at last perceived, namely, 
insufficient expansion, and the absence of compression. 

Schmidt — Uillion.— ~ i ISdl Gustave Schmidt, in a paper 

a»L-.u.'-i .- <i.~ I — i!...i ,f German Engineers,* declared that 

d be obtained, gre.ater expansion, 

Mchtr Inijinieurt, 3881, p. 217. 
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and better transformation of the heat of combustion into work, 
if the gas and air were previously compressed to two or three 
atm OH pile res. In the same year Million either re-discovered or 
was the 6r8t to apply practically I.ebon's and Barnett's idea of 
previous compression of the gas and air. He took out an English 
patent, in which he proposed, like Barnett, to compress the 
mixture before admission by a sepEirate pump, using the first 
part of the forward stroke to draw it into the cylinder. This 
idea he afterwards abandoned in fnvour of introducing the com- 
pressed gas and air, at the dead point, into a sj>ace at the working 
end of the cylinder, called a cartridge. Ignition followed, 
and the whole forward stroke of the motor piston was utilised 
in expansion. Million's proposals helped to develop the theory 
of the gas engine, but he does not seem to have put them into 
practice. 

Thus the principle of compressing the charge of gas and air in 
an engine before ignition had already been foreshadowed, when 
a very remarkable descriptive pstent upon the subject appeared 
in France in 1863 by M. Beau de Rochaa. Hitherto the con- 
structioa of gas engines had not been deeigned and worked out 
on a scientific basis. Inventors did not fully nnderstanit the efiect 
of the different operations they proposed to carry out. They were 
ignorant of the reason why one engine gave more economical 
results than another, and what methods should be adopted to 
control the extravagant consumption of gas. They were all 
ready to recognise, without being able to remedy, the defects of 
their engines. Nor were study and perseverance wanting. 
Many of the earlier gaa motors were the result of much labour 
and repeated experiments, and failed only for lack of a scientific 
comprehension of the subject. 

Beau dfl BochaB. — The real reasons of the uneconomical 
working in the Lenoir and other motors were want of compres- 
sion, incomplete expansion, and loss of heat through the walls. 
In both the I^noir and Uugon engines the pressures in the 
cylinder were always low and difficult to maintain, and this 
showed that the pressure generated by the explosion alone wkb 
insufficient, and must be increased by jtrevious compression of 
the charge. Time was also lost in obtuining iin explosion, and 
the heat, applied too late to the gas, was speedily dissipated, 
some of it going to heat the jacket water, and some being dis- 
charged at exhaust. M. Beau de Roclias, a French engineer, 
was the first to formulate a complete theory of the cycle of 
operations which ought to be carried out in a gas engine, to 
utilise niore completely the heat supplied. Four conditions 
were laid down by him as essential to efficiency. 

I. The largest cylindrical volume, with the smallest c 

^ntini surface. 

■ I- Maximum speed of piston. 
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III. Greateat possible expansion. 

IV. Highest pressure at the beginning of expansion. 

These working conditions are now generally odmitted to be 
necessary, but at that time they created a revolution in the 
study of the gas engine. The first shows the reason why the 
consumption of gas was ao much greater in small, as compared 
vith larger engines. Un this subject Mr. Duguld Clerk says, 
" As an engine increases tu size, the volume of gaseous mixture 
used increases as the cube, while the surface exposed only in- 
creases as the square; so that the proportion of volume of 
gaseous mixture used to surface cooling is less, tlie larger the 
engine." 

In the second and third conditions iucreased expansion and 
speed are insisted on. It was already known, or at least sur- 
mised, that unless the gases were as completely and quickly 
expanded as possible, much of the energy generated in the 
exjitosion was wasted. Only a small proportion was expended 
on the piston in doing work, and the gases escaped at too high 
B pressure. It was evident also, since a small cylinder wall 
surface was desirable, that tlie more rapidly the piston per- 
formed its stroke, the less time were the hot gases exposed to 
the action of tliis surface. "Other tilings being equal," aays 
Beau de Kochaa, "the slower the speed, the greater the cooling." 
Moreover the higher the speed of the piston, the more rapid and 
therefore the more perfect will be the expansion. 

In Beau de Rochas' fourth condition a principle was embodied 
which contains the essence of the question, and the true secret 
of economy in a giis engine. The utilisation of the elastic force 
of the gases by prolonged expansion depended upon the high 
pressui-e of the charge, and this pressure could not be realised 
unless the gas and air were compressed jireviotis to ignition. 
Compression was to be effected while the gases were cold, and 
the beat thus applied prolonged the exjiansion by increasing 
their pressure. By thus compressing the particles, an originally 
larger volume of the charge, containing more gas, can be intro- 
duced per stroke into the cylinder, and the pressure of explosion 
thus considerably raised. The advantages of compression are 
shown by the fact that the greater the pressure, and the more 
instantaneous the admission, the greater the economy. 

Beau de Bochas' Cyole.— To obtain these results Beau de 
Bochoa considered it necessary to use one cylinder only, first, 
that it might be as large as possible, and secondly, to reduce the 
piston friction. In this cylinder the following cycle was to he 
carried out in four consecutive piston strokes : — 

I. Drawing in the charge of gas and air. 

II. Compression of the gas and air. 

III. Ignition at the dead point, with subsequent exjilosion and 
expansion. 
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IV. Discharge of the products of combustion from the cylinder. 

By the adilition of the important principle of ignition at the 
dead point, the crank obtained the benelit of the impulse com- 
municated hy e^^plosion and expansion during the whole of a 
forward stroke. This was not, however, the object specially 
aimed at by Beau de Rochas. He proposed to compress the 
gases to such an extent, that they ignited spontaneously at the 
dead point. The iiriuciple has since been adhered to in almost 
all modern gas engines, though it has generally been found 
impoaaibln to obtain ignition of the gases by compression only. 
Each of the four operations generally requires one stroke of 
the piston, though in some cases compression is obtained by a 
separate pump. 

This cycle, known as the four-cycle of Bean de Rochas, 
is the one now chiefly used in gas motors. It dillers from 
tbat of Camot because it is not a perfect or theoretical, but a 
practical, cycle. Many improvements have been effected in the 
mechanism of the gas motor, but they have all been founded on 
the sequence of operations and the working conditions described 
by Bean de Roclias. Next to compression, the most valuable 
innovations introduced by him were, carrying out all the opera- 
tions in a single motor cylinder, and ignition at the dead point. 
But like many other scientific innovators. Beau de Kochas was 
in advance of his time. Fifteen years elapsed before what 
Professor Witz aptly calls "the programme traced of what 
ought to be attempted " was actually adopted, although now, 
thirty years after, its merit is universally recognised, and his 
cycle employed. 

An award of 3,000 francs was presented to the veteran 
worker by the Soci^t^ d'Encourngement pour I'lndustrie Nationals 
in recognition of his valuable labours to advance the knowledge 
of the gas engine, and one of 2 000 francs by the Academic des 
Sciences. The " Societe des Amis dei Sciences " also assigned 
him a pension of 500 francs. M Beau de Roi..bas died in 1892. 

A translation of that part of bis patent which relates to gas 
engine cycles will be found in the A[ pendix 
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CHAPTER V. 



HISTORY OF THE GAS ENGINE-(C<m(tn««0 

CoKTijiTS.— Tbe Otto and LangPn EDgine— Engine a by Gillei, HsIIcwbH, 
BraytoD, iDcl Simon — Ravel's Rotatory figine— Kttvel'a OMillatilig 
Eugiiie^FoDlif'a Horizontal Engine. 

The construction of gvks engines was meanwbile developed in a 
different direction to that indicated by Beau de Kochas. As it 
was seen that the expansion in the engines hitherto made was 
inBuffident, an attempt was mode lo improve it by employing a 
free piston, giving in tijeory unlimited expansion. At the Paris 
E^xhibition of 1867 the attention of gcientific men was drawn 
to an engine patented by MM. Otto and Langen in 1866, and 
apparently of a new type, though it was really constructed on the 
same lines as that of Barsanti and Matteueci. It seema doubtful 
whether this new engine waa more or less copied from the 
Italian's atmospheric motor, or whether the Qerinans worked 
iiide]>endently. In any case they succeeded in making a practical 
engine, based on a principle which, owing to some mechanical 
defect in working it out, had been relinquished. 

Otto and Langen. — In their main features the two engines 
were identical. At that time the idea was prevalent that the 
failure of the Lenoir and Hugon engines was due to the slow 
movement of the piston after ignition. Scientific men were 
agreed that the energy generated by explosion was rapidly 
diminisiied by the cooling action of the walls; if therefore 
expanaion was retarded, much of the force obtained was dis- 
sipated. In an earlier patent taken out in 1S63, the inventors 
of the Otto and Langen engine say — '' Experience has shown 
that the interval of time which elapses between the heating 
and consequent expanding of the gases, and the subsequent 
cooling; and consequent contraction, is but a very short one, 
and, therefore, in applying the expansive force of such heated 
gases as motive power, unless they are allowed to expand 
very rapidly — immediately after combustion has taken place— a 
great portion of the beat which should have produced 
expansion will be al>Borbed by the cylinder of the en 
consequently a great portion of the motive power Wi 
Hence, the principle of their engine waa to obtain t* 
and complete expansion possible after explosion, 
this idea was right, but the mechanical dilTiault 
out have r ' "u completely overcome 
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iiitinued for some years, it was 
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construction of the engine 
eventually given up. 

At the time of its first appearance, the Otto and Laagen was 
the most economical engine till then introduced. Its consump- 
tion of gas, always comparatively low, was ultimately reduced to 
about 26 cubic feet per H.P. per hour, a quantity not greatly in 
excess of good modern gas engines. About 5,000 motors were 
constructed in ten years, and though never popular in France, 
the engine was at one time in great demand in England and 
Germany, As a practical working motor it was not satisfactory, 
but it marked an epoch 
as the first single-acting 
engine, and the first in 
which economy iu eon- 
sumption of gas was 
realised as a conse- 
nueiicii of better ex- 
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■, large for the power 
noisy and 
'egular in action, and 
the very rapid ascent 
of the piston caused so 
much vibration, that it 
could only be used for 
small powt^rs. 

Otto and LaiigeD, 
two Pistons,— In thi- 
j>atent taken out by 
Utto and Langen in 
1863 the principles they 
intended to work upon 
were set forth. They 
proposed to construct 
an engine with a verti- 
cal cylinder open at 
the top, containing two 
pistons and piston-rods, 
one abnve the other. 
By having two pistons 
it was intended to break 
the force of the explo- 
sions, for the idea had not yet been abandoned that the shock was 
injurious to the efficiency of the engine. The two pistons being 
it the bottom of the cylinder, the momentum of the flywheel raised 
I upper piston and roil, which were hollow. The force 
e explosion then drove up the lower solid piston through 
^er, the air in the cylinder being farced out through valves 



B was 

being ■ 

raised H 

h the fl 

res at ^^^ 



' THK ( 



) EKGtNB. 



45 



the top of tlie hollow piston ; both pistons descended together 
in the viicuiim formeil below tliem, Thid design presented 
rarious difficulties, and the inventors soon relinijuiahed it, And 
exhibited for the first time at the Paris Exhibition of 1867 their 
well-known atmospheric engine. 

Otto and Ijangen, Single-FlBton Atmospheric Engine. — 
Fig. S gives a sectional elevation of this engine. A is the long 
vertical cylinder, surrounded at the bottom with a water jacket, 
and open at the top to the atmosphere. P, the piston, is shown 
almost at the end of the down stroke. C is the rack in lieu of a 
piBton-rod, gearing into the tootlied wheel T on the main 
shaft K. The slide valve 9, worked by an eccentric, O, admits 
the gaa and air, which are ignited by a flame in the slide valve 
cover, and also discharges the products into the exhaust pipe. 
There are two eccentrics side by aide, O and B ; both are con- 
nected to the auxiliary shaft M during the down stroke, but 
run loose on the up stroke of the piston. In the same way the 
wheel T, which is also free of the shaft during the up stroke, 
becomes wedged to it by an ingenious clutch ari'angement as 
the piston descends. The action of the Otto and Langen engine 
necessitates the use of three special mechanisms, the friction 
coupling or clutch gear, on the outer wheel T of the main shaft, 
the device for lifting the piston to admit a fresh charge, served 
by eccentric B, and the valve motion driven by eccentric O. 

The violence of the enplosion in a free piston engine is so great, 
that much care is necessary to make the clutch act freely and 
instantaneously. At the moment when the movement of the 
piston is reversed, the whole energy of the engine being stored 
up in it, the least recoil might result in an accident. This was 
one reason why the Barsanti and Matteucci engine failed ; the 
ratchet and pawl were not sufEciently prompt in action. The 
clutch gear of the Otto and I^ugen engine, shown at Fig, 9, was 
the result of careful study, and formed one of the most ingenious 
parts of the engine. Upon the main shaft K there is a circular 
disc, a, which is solidly keyed to it, and carries on its outer edge 
at B four steel wedge-shaped slips or projections. The inner rim 
of the outer toothed wheel T is hollowed out in four places at 
regular intervals, just below the bolts d, and ColTesponding to 
the steel wedges e upon the disc a. In each of the grooves thus 
formed are three small cylindrical roUera. The main shaft K 
revolves always in the direction of the hands of a clock. When 
the piston flies up with the force of the explosion, and drives 
round the toothed wheel T in the opposite direction, the rollers 
run loose in the open space in the wider part of the hollows, and 
no pressure being exerted on the wedges e, the connection be- 
tween the main shaft K and the rack, piston, and outer toothed 
wheel T is severed. The piston having reached the end of the 
up stroke, begins rapidly to descend (motor stroke), the motion 
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of T is reversed, and it also revolves in the same direction as the 
motor shaft. The rollers are driven forward into the narrowest 
part of the apiice, and wedged against the steel slips e, which grip 
the solid disc a, and the whole mass from T to it is driven round 
in the direction of the descending piston. The cooling of the 
gases below the piston forms a vacuum, but this ia counteracted 
near the end of the stroke by the opening of the exhaust. Slight 
compreasion of the gaaea of combustion takes place at the bottom 
of the cylinder, and the motion of the piston is slackened. The 
toothed wheel T, therefore, revolves more slowly than the main 
shaft and disc a ; the rollers run back, and loosen their grip of 
the wedges, and before the piston has reached the end of the 
stroke, the motor shaft is again disconnected. 

The working of the eccentrics driving the slide valve S is also 
showu at Fig. 9. The valve is somewhat similar in principle to 




Fig. 9, — Otto ajiil Laogca Eagiiie. 



Hugon's flame ignition valve, but more simple, as only one igni- 
tion per up stroke or ])er revolution is required. There is one 
main port, t, Fig. 8, leading to the cylinder, and just above it 
arc two small openings, h and j, for admitting the gas and air. 
[n its lowest poaitioa the aliile valve port forms a communication 
'between i and the atmosphere, the exhaust outlet in the valve 
cover being closed by a fla|i \ahe, which is lifted only when the 
pressure in the cylinder is greater than the atmosphere — that is. 
when the piston has nearly reached the bottom of ita stroke. 
The products of combustion being thus diacliarged, the slide 
S worked by the eccentric O l)e:;ina to nae, and the piston with 
it, lifted by the other eccentric B gas and air enter through j, A, 
in the proportions of 9 to 1, mL\ and jiass through to the cavity 
Communioation ia now made between rn and the outer per- 
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manenC fl&me_/i and the mixture of gas mid nir U ijjiiitoi]. Thi> 
■npward progress of the valve sliiits olV thi" fluiui" iii /, »ud the 
burning gases beiug brought ojipuHite the umin |>ort i rush into 
the cylinder, explode, and drive u]> the pistou. 

The movement of the two eccentrics O uiid It is (-iven by 
the auxiliary shall M, on which is lixid a ratchet whi>«l, W. 
The eccentrics are set, to each other at an uiigle of 00*, utd 
run loose on the sh»ft, except at certain tim»ii. Riwenlrie O 
carries the rod working the slide valvu S, It has a bell orank, r, 
working on a pivot, iind a lever, N. Another levtir, L, has 
a projection, u, which, during thu greater part of the elroke, 
presses against r and pushes it up, so that it does not catch 
in the ratchet wheel W of iho shaft M. During the down- 
stroke of the piston a projection, ». upon the rack 0, strikes 
the lever L and holds it down, r is releuaed ami oalohing into 
the ratchet wheel on the shaft M causes the two ecci^ntricB 
to be carried round with it. The slide valve has been slationory 
during this time, with the exhaust port open to the cylinder. 
The flap on the slide cover which usually closes it has been lifted 
by the pressure of the gases, and they are discharged during the 
down stroke. Meanwhile the piston having n-oched the bottom 
of the stroke conies to a stand, because the rack is no longer 
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Pi(^ 9a.— Otto and Langen Engine— Plan. 

geared to the wheel T. The lever N on the other eccentric B, 
after revolving with the shaft M, is brought round, and catching 
under the projection t on the rack, lifts it and the pistoa. The 
slide valve raised by eccentric O admits and ignites a fresh 
charge. The up stroke releases the lover L from », the pro- 
jection u pushing against r once more disengages it from thr 
shaft M, and the two eccentrics, being no longer connected to 
■are brought to a atand. Pig. 9" ' <V8 a plan of the engine, 
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This description will explain the method of ignition ridopted 
ia the Otto and Langen engine. The gBSes being ignitnd at 
low preasure, the ignition by flame, as in all non-com pressing 
engines, worked Bat i^ factor 11 y. The speed was regulated by a 
ball governor, not shown in the drawing.. If the speed of the 
engine exceeded the pro])er limits, the governor, by means of a 
pawl and ratchet, disconnected the levers working the slide valve 
and piston, and no charge was admitted until the speed was 
reduced. Thus the number of explosion strokes, instead of the 
strength of the charge, was diminished. This method worked 
more economically than direct action of the governor npuu the 
gas admission. It was found that to reduce the proportion of 
gas impoTei'iahed the mixture, the explosion sometimes missed 
fire, and a certain quantity of unburnt gas passed through the 
cylinder. A third method of checking the speed was to connect 
the governor with the opening for the exhaust. By reducing 
its section, the counter pressure of the gases in the cylinder 
checked the down stroke of the piston, and therefore diminished 
the number of strokes per minute. 

As the engine was single-ttctmj^. working open to the atmo- 
sphere, the heat generated was not so great as in the earlier 
motors. The number of strokes per minute being relatively 
small, the cylinder was kept comparatively cool. It was not 
difficult to start the engine, a few turns of the flywheel being 
sufficient to draw in the charge, and cause it to ignite. 

A peculiarity of the Otto and I*ngen engine is that the 
number of piston strokes and revolutions of the crank are 
independent of each other. In an experiment on an engine of 
this type by Meidiiiger, the number of revolutions of the crank 
shaft varied from 40 to 106, and the strokes per minute from 
20 to 43. At full power Mr. Clerk reckons the normal number 
of piston strokes at 30, and of revolutions at 90 per minute. 

Another curious feature in this engine is that the action of 
the walls, which has so injurious an effect in most engines, by 
carrying off the heat, is here of positive use. During the up 
stroke, the walls, by rapidly cooling the expanding gases, assist 
in forming the vacuum, while in the down stroke they carry off 
tlie heat, and retard the increase of pressure below the piston, 

A number of experiments have been maile upon the Otto and 
Langen engine. Of these the best known is Tresca's trial at 
the Paris Exhibition, 18lJ7. on a half K.F. engine, lasting half 
an hour. The number of revolutions per minute was 81 ; the 
consumption of Paris gas, not including that used for the burner, 
was 44 cubic feet per I.H.P. per hour. Tresca estimates that 
only about 17 per cent of the total beat was carried off in the 
cooling water. Another series of experiments, extending over 
several weeks, was made iu 1868 by Meidinger on an engine of 
the same size. It ran at 75 revolutions per minute, a speed 
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which Meidinger found to give the beat results. The gas con- 
sumption per H.P. per hour varied from 49 to 29 cubic feet; 
the temperature of the exhaust gases was found to decrease with 
the number of piston strokes per minute. In these trials an 
experiment was made, bj allowing the governor to act sometimes 
upon the gas admission, sometimes ujion the exhaust valve. In 
both cases the amount of work perforiued, and the number of 
revolutioDS was the same : but when the gas suppl; was cut off 
by the governor, the piston made twice as many and much 
shorter strokes, and the gas consumption was two-sevenths more. 
Meidinger also utilised these experiments to test the value of 
ignition at the dead point, and found tliat it not only prevented 
shock to the engine, and increased the number of expansions, but 
also augmented the speed. In an atmospheric engine this 
i of speed was valuable, because it principally affected 
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Fig. 10. — Otto and Laageti Eogii 
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the speed of the up stroke, and hence gave a more rapid expan' 
sion. Mr. D. Clerk also made experiments upon a 2 H.P. Otto 
and Langen engine, the diagram of which is given in Fig. 10, 
The consumption of Oldham gas was at the rate of 36 cubic feet 
per brake H.P., and l'4G cubic feet per I.H.P. per hour. Thera 
were 28 ignitions per minute. 

The great defect of the Otto and Langen engine was ita i _ 
and unsteady action, due to the rack and wheel, and tl 
give vibration and recoil. Several efforts were mi 
course of the next few years to improve upon it, 
working principle remained the same. 

Oilles. — In 1874 an engine was brought out a 
Gillea, the chief novelty of which was the Jntw 
pistons, to avoid the noise and recoil of the 
motor. The pistons worked vertically one &1 
the same cylinder, closed at the top, and 
to the atmosphere ; the lower was the ir 
the free piston. At starting, the two pis 
the middle of the cylinder. By the ene' 
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motor piston being at its upper dead point was driven down, 
uncovered the port for admission of gas and air at the side, and 
the charge entered between the two pistons. The free piston 
was also forced down by air admitted through a valve at the top 
of the (^flioder, until it was checked. The slide valve, through 
which the charge had entered, was next raised by a cam worked 
from the main shaft, cut olT the admission, and brought the 
mixture opposite an external firing Same. Explosion followed, 
and the force drove up the free piston to its full height, the air 
above it escaping through holes in the cylinder cover. Mean- 
while the lower or working piston was forced down through its 
lowest point, and driven up by the pressure of the alniosphere 
into the vacuum formed between the two pistons by the cooling 
of the gases. The upper free piston having reached it« highest 
position, it was arrested, and not allowed to descend, till a 
second cam on the main shaft moved a lever, and set it tree. 
The products of combustion between the pistons were drivea ont 
through a discharge port in the centre of the cylinder. 

The Gilles engine was constructed by the firm of Humboldt 
& Cie., at Kalk, upat Colore, and in Englaod by Messrs. Simon, 
of Nottingham, who exhibited it at the Paris Exhibition in 1878. 
The catch arrangement for arresting the upper piston was always 
a weak point, but before improvements for remedying this and 
other defects bad been introduced, the engine was superseded by 
the Otto. Two drawings of it will be found in Schottler, 

An extremely useful little engine was introduced by Alexis 
de Bisschop, and also exhibited at Paris in 1 878. Patents dated 
1870, 1872. 1874. It resembles an atmospheric engine in prin- 
ciple, but the piston is not free; this engine will be found 
described in the modern part of this work. 

Halle^vell. — In England a patent for a kind of vertical 
double-acting atmospheric engine was taken out by Hallewell 
in August, 1875. Like Gilles, Hallewell aimed at overcoming 
the defects of the Otto and Langen engine, and this he pro- 
posed to do by the use of two cylinders, one single- and the 
other double-acting. A lever raised the piston of the first single- 
acting cylinder to admit a charge ; explosion followed, and the 
piston was driven freely up to the top of the cylinder, where a 
discharge valve opened. It then descended in the vacuum 
formed below it by the cooling of the gases, and communication 
■was opened between the vacuum and the valve-box of the second 
double-acting cylinder. In this cylinder air was admitted alter- 
nately on either face of the piston, through a rotating slide valve, 
and with the help of the vacuum in the first cylinder, the piston 
wfts driven to and fro by atmospheric pressure. The idea was 
ingenious but complicated, and the engine had little succesa 

MM. Otto and Langen had by this time formed their busi- 
ness into jk oom pMiy at peuti, near Cologne, and the firm was 
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henoeforth known as the " Deutzer Gaa-Motoren Fabrik." They 
had been working inceasniitly to improve their engine, but after 
introducing several modLBcations, thej finally abandoned alto- 
gether the idea of a free piston. At the Paris Exhibition of 
1878 they brought out the celebrated Otto engine, described 
in Chapter vii., which rapidly superseded all others, and created 
a revolution in the construction of gas engines. At the same 
Echibition two other engines made their apjwarance which, 
although neither of them permanently successful, presented 
several novel and interesting featiiree. 

Brayton. — This American gas engine hwl already been in- 
troduced by Bray ton at Philadelphia in 1873. Owing to the 
peculiar method of igniting the gaaes, difficulties were soon 
experienced, which inJuced the inventor to substitute petro- 
leum for gas. A full description of his later engine will be 
found iu Part II., Petroleum Motors. In I87S Messrs. Simon, 
of Nottingham, obtained Bray ton's gas engine patent, and brought 
out the motor in England. As in the Otto, the charge was 
compressed, but otherwise this engine differed from all earlier 
types, and illustrated the principle of ignition at constant pres- 
sure, instead of at constant volume. After compression in a 
separate pump, the gas and air were delivered into the motor 
cylinder, but they were not admitted cold and then ignited and 
exploded, according to the usual cycle of operations. A small 
flame in direct communication witli the cylinder was kept con- 
stantly alight, and kindled the gasea as they passod it. Thus 
they were gradually ignited, and entering as dame, drove the 
piston forward, not by the pressure of explosion, but of combus- 
tion. The heat was imparted to the gas at constant pressure — 
that is, the piston moved as soon as the flames began to enter 
the cylinder, but there was no sudden explosion. A wire gauze 
was fixed behind the light, to prevent the flame from striking 
back into the compression cylinder. This method of Ignition 
worked well as long as the wire gauze remained intact, but it was 
liable to burn into holes, and if the gases fouud their way back 
through any aperture, an explosion followed, and the light waa 
extinguished. On this account firayton abandoned the use of 
gas in his engine, and substituted petroleum vapour. 

Simon,— To this gas engine Messrs. Simon added a small 
boiler above the cylinder, the water in which was evaporated by 
the beat from the exhaust gases. The engine was vertical and 
single-acting. The steam injected into the motor cylinder in> 
creased the expansive force of the gases, and helped to lubricate 
the piston. This idea was not ii novelty. It had been tried by 
Hugon, but neither his engine nor the Simon was practically 
improved by it. The increased bulk added to the cost of 
construction, and the steam was found to have an injurious 
effect, and to cool the contents of the cylinder too much. On 
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this point ProfesBor Schiittler [lertinently Mks — "Wliethnr 
it cau be (^QBiiiered an advantigp, eince the gtu nngine is 
ezpresslj designed to avoid the defects and dangers of a 
■teUD boiler, to add the latter to it! For un&ll motors at 
leaat, the question must decidedly be answered in the nega- 
tive." Although the theoretical principle of the Simoa 
engine was excel- 
lent, it did nut 
Eucceed. It was 
first shown, like 
the Bray ton, at 
the Paris Exhibi- 
tion of 1878. 

Fig. 1 1 gives a 
section of the en- 
gine ; a descrip- 
tion will explain 
the method of 
working. A. is 
the motor, B thfi 
pump cylinder, 
and K the crank 
shaft. Gas and 
air are admitted 
by the slide T&lve 
Si at the top of 
the pump cylin- 
der, and drawn in 
through the valve 
a at the down 
stroke of the pis- 
ton; the up stroke 
compresses and 
drives them 
through another 
valve b into the 
receiver e. From 




Fig. II. — Simon Vertical Engine. 



here they pass into the motor cylinder A, through the slids 
valve S ; ,/ is a gas jet burning continually in front of a wira 
gauze, at which the gases arc i|;nited in their passage, and by 
their expansion drive down the piston P. The exhaust is 
worked by the slide valve d, driven from the main shaft. The 
products of combustion are led through the colled tubes e in the 
small boiler F, before discharging into the atmosphere. As soon 
as some of the water in the boiler is evaporated by the heat of 
the exhaust gases, the steam passes through the pipe /and slide 
valve S into the motor cylinder. A small cam, A, on the governor 
G acts upon the slide vajve S, for admitting the gas and air, and 
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cuts off the admission entirely, as soon as the speed of the engine 
becomes too great ; this ia shown in Fig. 11. 

Several experitnentB have been made upon the Brayton and 
Simon engines. In 1873 Professor Thurston tested a Brayton 
engine in America, of 5 nominal H.P., and found that the 
nasimum pressure in the cylinder was about 75 lbs. per sijnare 
inch at the beginning of the stroke, decreasing to 6fi lbs. at 
the out off. The HP. indU 
cated 8'62, brake power 3-98, 
and consumption of gas 32 
cubic feet per I.H.P. per hour. 
According to Mr. Clerk the 
power used for driving the 
pnmp, which ciiuses the actual 
horse-power to be less than half 
the indicated, ought not to be included in estimating the con- 
anmption of gas. Deducting this, he calculates the expenditore 
at B5'2 cubic feet per H.P. per hour. Another experiment made 
by Mr. M'Mutrie, of Boston, showed a maximum pressure in the 
cylinder of 68 lbs. per square inch, the piston speed was 180 feet 
per minute, and the total power developed 9 H.P., the friction 
and other resistance araonnting to nearly 5 H.P. Fig. 12 shown 
the diafp-am of this 
trial. In an experi- 
ment made upon a 
Simon engine of 7 7 
I.H.P., 2 H.P. were 
required for the pump, 
and the total gas con- 
sumption WHS 50 cubic 

feet per brake H.P. per hour. The diagram of 
at Fig. 13 was taken by Dr. Slaby. 

The engine was brought out in Germany by thi 




Fig. 13.- 



Simon Engino — Indicator Diai^ra: 

Simon engine 



li of Otto 
nig it Cie. of Berlin, by whom several improvement* were 
introduced, [latented by Hambruch. As in the original engine 
the flame was sometimes blown out by the pressure of the gas, it 
was protected by a small cap and cover, and the burner made in 
the shape of a cock, with a handle to lift it out and relight it, if 
extiaguished. In the larger engines, the ignition flame was fed 
from a separate small gas pump. Another improvement was to 
replace the exhaust and admission slide valves of the Simon 
engine by lift valvea. The admission valve was opened by a 
tappet working in a socket on the main crank shaft. If the 
speed was too great, the governor at the end of the crank shalt 
drew the socket to one side, and the tappet missed it partially 
or altogether. Air entered the admission valve from below, gas 
was admitted through smalt holes in the seat of the valve, as in 
the Clerk engine, and a thorough mixing of the two was thua 
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attalaed. There was also an ingenious arrangement for equalis* 
ing the pressure in the pump and motor cylinders. The admis- 
aioQ valve, being very heavy, did uot lift until the pump piston 
was halfway throii^'h the up stroke. A small piston above it 
worked in & pipe connected to the motor cylinder, and a hole in 
the motor piston fitted over the opening of the pipe during the 
down stroke. As soon au communication was established, and 
the pressure in the two cylinders equalised, the admission valve 
fell back upiiii its seat, and remained dosed until the next up 

Havel Rotatory Engine. — Another interesting engine, two 
varieties of which were shown at the Paris Exhibition of 
1878, was the French "Moteur Ravei." The first type was 
double-acting and rotatory, and was called by the inventor "an 
engine with variable centre of gravity." The cylinder turned 
upon a transverse axis, and had two heavy pistons joined to- 
gether by a bar of iron, without piston-rod or connecting-rod. 
Gas and air were first admitted and compressed in two small 
pumps worked from the crank shaft, and the charge introduced 
alternately at either end — that is, at the top and bottom of the 
motor cylinder, as long as it retained a vertical position. By 
the explosion at the bottom of the cylinder both pistons were 
forced up together to the top, to be driven down again by the 
explosion of the compressed charge from tlie other pump 
cylinder. The motor pistons being very heavy, their motion 
altered the centre of gravity, and caused the cylinder, whil& 
osoillating, to turn round on its axis. The crank shaft in the 
centre was made to rotate by the movement of the pistons and 
oylinder, the piston speed being independent of the number of 
revolutions. The extreme delicacy of adjustment reijutred In 
this engine caused it to be superseded by others; the con- 
sumption of gas was said to be about 35 cubic feet per H.P, 
per hour. Two drawings of the Ravel rotatory motor will be 
found in SofiMllur, p, 3lj. 

Bavel Osoillating Engine. — Another vertical oscillating 
single-acting type of the same engine was brought out by 
M. Ravel, and more favourably received in France. In this 
motor the piston-rod was directly connected to the crank shaft. 
The vertical cylinder oscillated on a centre at its lowest part. 
The force of the explosion drove up the piston and crank shafl, 
causing the cylinder to oscillate and the crankshaft to rotat«. 
The piston descended by the impetus of the flywheel, and the 
shaft having completed its revolution, the cylinder returned to 
its original position. The action was very similar to that of an 
oscillating steam engine. Gas and air were admitted at atmo- 
spheric pressure through a slide valve, worked by a cam on the 
main shaft, oscillating with the cylinder. Ignition was eSected 
''~'an external fiame in the ordinary manner. There was no 
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special exhaust valve, but the exhaust port was uncovered 
periodically by the oscillation of the cylintler. Ghb eutered 
through a pipe in the slide valve, moviog to and fro in the valve 
cover, which opened by degrees to admit an increasingly rich 
charge; thus the mixture finally admitted nearest the &ame 
contained most gas and was more eiisily ignited. The governor 
acted by throttling the supply of gas. This engine was said, 
like the last, to consume 35 cubic feet of gas per H.P. per hour, 
but it is doubtful whether bo low a consumption could be 
obtained in a gas engine working without compression. 

Foulis. — The horizontal engine patentetl by Foulis of Glasgow 
in 1878, an improved type of which was brought out in 1881, 
resembled the Simon in principle, and contained a motor cylinder 
and pump. The object aimed at by the inventor was to cause 
combustion lo take place in the motor cylinder, at about the same 
pressure as that in the pump. This was obtained by adjusting 
the angle of the crank-pin working the pump, and proportioning 
the dimensions of the latter to those of the motor cylinder. In 
theory the engine was excellent. The hot gases, after being 
compressed in a pump, were forced through layers of wire gauze 
and an annular orihce into the combustion chamber, lined with 
non-conducting material, and kept at a red heat which sufficed 
to ignite the charge. From here they passed at constant pres- 
sure and in a state of flame into the motor cylinder. Admission 
was cut off at one-third of the stroke. Before being allowed to 
escape, the gases of combuHtion were mode to circulate round 
tubes of Jire-olay behind the combuation chamber, which were 
intended to act as a regenerator. The fresh charge passed 
through them immediately after, and some of the heat of the 
exhaust gases was thus utilised, but these and other details 
presented so many difficulties that the construction of the 
engine waa afterwards given up. To raise the temperature of 
the incoming charge in a gas engine by moans of the exhaust 
heat in an important problem, which inventors have hitherto 
been unable to solve successfully. 



CHAPTER VI. 
HISTOBT OF THE O-AS EWGISE— (ContiniMrf). 



CoMTKNTS, — En gineB.— Clerk — Heck^Wittig bqi] Hees — Somine — Sturgaon 
— Martini— Tangyc—Viftorift—Econoraio—Bimer Bad I.«nittrt—Poreit 
— EwinH and Newman — Fran^oia — Warobalowaki — No«l— Dsrand — 
Mire— Baldwin. 

In a history of the development of the gas engine it is important 
to study, not only modern working motors, but those engines 
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which, although no longer made, are good in design and principle, 
and, therefore, deserve attention. During the last twenty yean 
many motors have been brought out, excellent in theory and 
often in workmanship, which have not permanently succeeded 
only because they were found to infringe previous patents, 
or were superseded by more practical types. As none of these 
engines date earlier than ISTtJ, they wilt not be presented in 
historical sequence, but, as far as possible, in the order of their 
importance. From henceforth it will no longer be necessary 
to distinguish between single-acting and double-acting engines. 
The double-acting type of motor, in which the charge was in- 
troduced alternately at either end of the closed cylinder, was 
abandoned after the failure of the Hugon, for reasons already 
given. Since that period no engines of this kind have, to the 
author's knowledge, been constructed, with the exception of the 
modided Griffin six-cycle motor. All others are single-acting, or 
admit the charge at one end only of the cylinder. 

With the advent of the Otto gas engine, a new era began. 
Until the appearance of this motor in 1876, not one of the many 
ttngiuei) produced hatl utilised Uie cycle of operations indicated, 
many years before, as the best and most economical by Beau de 
Kochas. Neither invention nor practical application was want- 
ing, and as none hsd proved a real success, we may at least 
assume that their failure was due partly to the neglect of this 
cycle. It is Otto's special merit that he was skilful enough to put 
the principles of the French aavanC into working operation, and 
the success of his engine proved their value. It had, however, 
defects, which in a few yeara began to be generally recognised. 
As in all other gas engines, expansion was not complete, and 
the gases were discharged at a relatively high temperature and 
pressure. The engine had also only one explosion and one 
motor stroke in four — that is, three strokes out of every four of 
which the cycle consisted, were spent in negative work, and 
only one in positive work. 

Clerk. — It was to remedy the second of these defects that 
Mr. Dugatd Clerk applied himself, in the important engine he 
produced and first exhibited in 1830. This motor, which is 
certainly one of the best brought out in England, was made by 
Messrs. Thomson, Sterne & Co., of Glasgow. Its distinguishing 
feature was that an explosion at every revolution was obtained. 
Of the four operations of the cycle. Clerk proposed to transfer 
the first only, admission, to an auxiliary cylinder, which he called 
the displacer. The gas and air being drawn into the displacer 
were slightly compressed, and delivered into the working 
cylinder. Here they drove out before them the products of 
combustion. The motor piston in returning compressed this 
charge into a chamber at the further end of the cylinder. It 
was then find and dxoya the piston forward, the displacer piston 
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taking in a fresh charge of gas and air. The exhaust porta were 
in the fi-ont part of the cylinder, and the |iiaton as it moved 
oat uncovered them, and acted as an exhaust valve. The dis- 
charge of the exhaust gases constitutes another fundamental 
difference between the Otto and the Clerk engines. Otto con- 
sidered that the presence of a certain quantity of unbumt gases, 
by retarding the progress of combustion, contributed to the 
efficiency of his engine. Clerk held that this residuum of 
unconsumed gas was highly injurious to the fresh charge, 
which it diluted and rendered more difficult to ignite. He was 
of opinion that if the motor cylinder were previously cleansed, as 




far as possible, of the products of combustion, a weaker mixture 
might be used for the charge, and more perfect ignition and 
greater economy obtained. 

Figs. 14 and lo give a sectional elevation and plan of the 
Clerk engine. A is the motor cylinder with piston P, B is the 
displacer cylinder with piston D, whicb is set on the cra&k at an 
angle of 90° in advance of the motor piston, G is the conical 
compression space at the back of cylinder A. There are two 
automatic lift valves, shown at Fig 14, H, from which the gas 
und air pass through the pipe W (Fig. 15) into the displacer 
cylinder, and F, which is raised to admit the charge under slight 
preesnre into cylinder A. Both the valves are provided with 
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" quieting pistons," to prevent any noise or shock. The ignition 
Glide valve ^ has a flame o whicli is continually relit from the 
permanent Bunsen burner at b. Near the front of the motor 
cylinder are the two exhaust ports E^ and B^ uncovered by the 
ptBton F when it reaches the end of its stroice, and from whence 
the gases of combustion pass into the discharge pipe E. 

The action of the ejigine is as followa : — The piston D of the 
displacer moves out, and ilraws in a charge of gas and air 
through H. The seat of this valve is pierced with holes to 
admit gas from the supply pipe, the forward movement of the 
displacer piston lifts the valve, the air enters from chamber R 
below, and mixes thoroughly with the gaa penetrating through 
the holes. The number and size of the holes, in proportion to 
the lifting area of the valve, regulate the supply of gas, and, 
therefore, the richness of the mixture. The air valve H falls 
back on its Rent by its own weight, but the ga^ supply is cut off 
before the piston I) has i^uite reached the end of its stroke. The 




Fig. 15.— Clerk Engine— Sectional Plan. 

last part, therefore, of the charge in the displacer cylinder, first 
expelled as the piston begins to return, is pure air. Meanwhile 
the out stroke of the motor piston has begun, at an angle of 90* 
behind that of the displacer, and near the end of the stroke the 
exliaust ports E^ and E^ are uncovered. The pressure inside the 
motor cylinder is immediately reduced to that of the atmosphere. 
The displacer piston has already nearly completed its return stroke, 
and the slight pressure exerted on the charge is sufficient to lift 
the automatic valve F, and to admit the gas and air into the 
conical chamber G, at the end of the motor cylinder. As the 
motor piston Dassea over the exhaust ports, the fresh charge 
enterinir ' I displacer, and immediately expanded by 

the inder, drives out the products of com- 

'Wk admits that a small part of the 
them, but as, owing to the arrange- 
% this is mostly pure air, the cylinder 
very little actual waste of unbumt 
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gas. The motor piston in returning firet covers the eshaaat 
ports, the valve F is inslantly closed by a spring, anil admission 
from the pump cylinder cut off. The mixture ia then co 
into the chamber G, while tlio displacer piston begim 
stroke, and takes in a fresh charge. 

Ignition follows by a llame in the slide valve 9, The method 
adopted, shown in Fig. 15, but more clearly in Fig. 16, differs 
from that used in engines having only one motor stroke in four, 
because an ignition ia required at every stroke. With the high 
pressure of the giiaes, and the great number of e 
times nearly 300 per minute, the slide » 
hot, unlesH speeial precautions 
were taken to prevent it. The 
small comliiistion chamber or 
cavity 1, Fig. 16, in slide valve 
S, has two openings. On one 
side it communicates with the 
Bunsen burner b through the 
port 3, on the other by port 3 
with the outer air, or with the 
explosion port of the cylinder, 
according to the position of the 
slide. A small portion of the 
compressed mixture is ad- 
mitted from the explosion 
port 5, through an opening 4, 
into a grooved hollow in the 
slide valve, and is carried 
round to the cavity or cham- 
ber 1, which it enters behind a grating 7, intended to^prevcnt 
the flame from striking back into the hollow. At 8 is shown the 
pin in the slide regulating the supply of gas to the grating. At 
the moment when jwrt 3 of the cavity is open to the Bunsen jet 
bnrningagainst the face of the valve, port 3 communicates through 
6 with the outer air. The gnaes ignite gradnally as they enter the 
cavity through the grating, the products of combustion discharg- 
ing into the atmosphere, and the gases being fed with air through 
port 6. As the slide moves up, carrying the burning mixture, 
port 2 is closed and the flame cut off, and port 3 is brought 
opposite the cylinder explosion port. The current feeding tha 
flame in the cavity is so regulated, that the pressure of the ignited 
gases is less than that in the motor cylinder; hence the charge 
is easily fired. Explosion follows at the inner dead point, the 
piston is driven forward, the displacer takes in a fresh charge, 
and the cycle is repeated. 

Great care has been taken in this engine to proportion the 
volume of the two cylinders, to prevent the escape of any consider, 
able part of the incoming charge with the exhaust gases. The 
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Tolume of cylinder B is almost exactly eqnal to that of cylinder A, 
deducting the compression apace G, and the exhaust ports covered 
by the piston. But as the gases expand in consequence of the 
slight presaurt! in cylinder B, and the heat of the walls in cylinder 
A, their volume is increased by one-third. The mixture origin- 
ally admitted ia in the proportion of I part of gas to S of air. 
To avoid the discharge of any of the fresh gases, a small part of 
the products of combustion remains in the cylinder ; this mixes 
with the fresh charge, and is estimated by Mr. Olerk as one- 
tenth of the total volume. The composition of the actual charge 
will, therefore, be 1 of gas to 10 of air and products. 

Clerk Governor. — The governor in the Olerk engine is simple. 
Between the upper and lower lifting valves for admitting the 
charge to the motor and displacer cylinders ia a gridiron slide. 
While the engine is working under normal conditions, this is 
kept open during the charging stroke by a spring and lever, 
worked from the slide valve S ; but if the speed becomes too 
great, the balls of the governor moving out raise a lever, which 
catches into the lever moving the gridiron valve, and lifts it. 
The valve is dniwD forward and closed, and the adiiiis9iu& of gas 
and air wholly out off. The two pistons continue working, but 
compress and discharge only the products of combustion, until 
the speed is reduced, and the levers lowered. This method ol 
regulating by a gridiron slide was the invention of Mr. Garrett, 
of Messrs. Sterne's Works. Above each cylinder is a small oil 
reservoir, with an adjustable screw admitting so many drops per 
minute. 

For starting, a special apparatus was designed by Mr. Cierk 
in 1883. The pipe through which the gases pass from the dis- 
placer to the motor cylinder can be made to communicate with a 
small reservoir, and a supply of gas and air forced into it, while 
the engine is running. The reservoir, charged with the mixture 
compressed to 60 lbs. per square inch, ia closed with u stop valve, 
and can be kept air-tight for weeks. To start the engine, the 
crank is brought round to the inner dead point, the displacer 
piston being set at a quarter of its stroke. Communication is 
then established between the two cylinders and the reservoir, 
and the burner liL The compressed air is thus admitted to both 
cylinders, and drives back the displacer piston to take in a 
charge, and the motor to uncover the exhaust ports. It is 
usually sufficient to open the starting valve once or twice, but 
the reservoir contains enough to start the engine six times. 

Tests and experiments on the Clerk engine have been made by 
the inventor and the makers. The engines varied from 2 H.P. 
to 12 H.P., and the number of revolutions from 212 to 132. 
h the 2 H.P. engine the average pressure in the cylinder was 
lbs. per sfjuare inch, and the consumption of gas per T. H.P. 
' 29-R cubic feet ; in the i H.P. the average pressure was 
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63-9 lbs. and the gas consumption 2419 cubic feet. The 6 H.P. 
engine [Diagram, Fig 17) gave an average pressure of 53-2 Iba. 
per Btjuare inch, with 24-3 cubic feet of gas consumption ; in the 
8 H.P. the pressure was 60-3 lbs. and a gas consnniptiou of 20-94 
cubic feet, while in the larger 12 H.P. engine, the diagram of 




Fig. I8.~Clerk 12 H.P. Indicator fiisgnm. 



which is shown at Fig. 18, the gas consutnption was 20'39 cubic 
feet, with an average pressiiri^ of 64fi lbs. It will be obaerved 
that the consumption of gss diminishes in proportion as the size, 
power, and pressure increase. The Glasgow gas used was very 
rich, and of high heating value. 

The foregoing sketch of the Clerk eugine shows that, though 
good in theory and practice, it did not completely overcome the 
defect of the Otto and many other gas engines, the want of 
Bu£Scient expansion. As the exhaust |>orta opened when the 
motor piston had passed tlirough three quarters of its stroke, 
expansion was necessarily limited. This was a. great disadvan- 
tage, but the engine was good in other respects, and more eco- 
nomical in' working than previous motors, and its withdrawal 
from the market ia to be regretted. Mr. Clerk calculates the 
actual efficiency indicated by the diagrams ss 16 per cent of 
the total heat received, a very creditAble result. 

Back Six-Cycle Type.^ — The Beck engine is the lirat example 
of A new cycle of operations. It belongs neither to the original 
double-acting two-cycle type, giving an explosion every revolu- 
tion, nor to the four-cycle type of Beau de Rocbos, but is known 
as a sis-cycle engine. In other words, there is an explosion 
every sixth stroke, or the piston makes three forward and three 
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return strokes for three revolutions of the crank. The object of 
thus lengthening the ordinnrr sequence of operations is to drive 
out more completely the products of combnittion by introducing, 
between every explosion and motor stroke, one stroke, forward 
ftnd return, during which a charge of pure air is drawn in and 
expelled. This is called a "licavenger charge," and was first 
proposed by Mr. D. Clerk, who to a certain extent adopted the 
principle iu his engine, though he did not sacrifice two strokes. 
Engineers are even now divided in opinion respecting the best 
method of disposing of the products of combiiatioa. By Otto 
they are jiurjiosely retained, in order to diminish the force of the 
explosion, and he and others have thought that there is an 
advantage jn diluting the incoming charge with the burnt gases. 
At the same time it must not be forgotten, that these gases help 
to heat the fresh charge before explosion. Other engineers 
are so strongly convinced of the injurious eHect of leaving 
behind any portion of the products of combustion that, in 
order thoroughly to get rid of them, they sacrifice a complete 
stroke. The advantage they claim in return for tliis diminu- 
tion of power is that, the cylinder being thoroughly cleansed, 
the incoming charge is so pure that a much weaker mixture 
may be employed, and more rapid and certain explosion ob- 
tained, than when the products of combustion are allowed to 
remain. With only one explosion every six strokes, there is, 
of course, great difficulty in regulating the speed of the engine, 
and the cooling action on the cylinder walls of the charge of 
fresh air is also considerable. For these reasons the six-cycte 
type has found little favour, and is seldom seen out of England. 
It is best adapted to double-acting engines, adjusted to give an 
explosion every three strokes, first at one, then at the other end 
of the piston. With this modification it has aurvjved to the 
present time ; the (Jriffin engine is a good example. 

The lieck engine was always of tlie originul sij-cycle type, 
single-acting, and was never conatructx^d to give more than one 
explosion per six strokes. The working cycle of operations is 
explained by the following table : — 



First stroke, 

forward. 
Second stroke. 

f Third stroke. 
j Fourth atroke. 



Sixth Btroke. 



j Ncgativo stroke\ 
> absorbing 



Adiiiiuion of 
Compreuion of 

igliZ»p.».... i '■■Suit's I ""™"» 

I expansion. > o a i - - 

J '^ I power. 

J DbcfiBi^ imd (-- ' 

lissiun of pi 



stmoeptiere. 



Ntgative stroke 1 oyliader). 
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Except with regard to tlie scavenger charge of pure 
engine resembled the Otto in many respects. 
ignition were efi'ected by a slide valve not connected direct to 
the excentric from the motor shaft. The slide valve was adjusted 
to make one-third as many revolutions as the crank shaft. The 
compression space was separated from the water jacket by a 
cylindrical layer of non-conducting materials, and the mixture 
was thus ignited in a chamber kept continually at a high tem- 
perature. By introducing the scavenger charge of pure air, and 
by adjusting the admission valves, the richest mixture, namely 
that containing most gas, entered the cylinder first, and the 
poorest mixture was retained round the ignition port. By these 
means it was intended to diminish the shock to the engine, and 
to obtain progressive explosion. An electrical governor was 
employed, and the intensity of the current was made to vary 
with the speed of the engine. According to the variation in 
the speed, the admission of gas was either throttled or wholly 
cut off. The governor was adjusted so tiiat, by moving a weight 
on a lever, the speed could be diminished by 100 revolutions; 
thus the engine, when running empty for a short time, could be 
driven slower, instead of stopping altogether. As a six-cycle 
engine is naturally more difficult to start than a two- or four- 
cycle motor, this is a convenient arrangement. 

Beck Trials. — A series of very careful experiments upon a 
4 H.P. nominal Beck 
engine were made in 
Xiondon by Professor 
Kennedy, F.R.S., in 
Februarv, 18S8, and 
published. The indi- 
cated and bruke power, 
speed, consumption of 
gas, and jucket water 
were all carefully ob- 
served in six successive 
trials. Two of these 
were made at full speed, 
at 206 and 212 revolu- 
tions per minute, and 
practically at full power, 
the next two at a mean 
speed of 166 revolutions, 
the fifth at 180 revolu- 
tions, with the maximum 
load for that speed, and 

the sixth with the engine running empty. The highest power 
developed was 8 I.H.P., with 6-3 B.H.P. The maximum pres- 
sure during the working stroke was 74*6 lbs., and at the highest 
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speed there were 7008 explosions per minute. The B.H.P. 
varied from 6-31, with 20i)'5 revolutions, to 4-84, with 169 
revolutions. Taking the mean of the tirst four eKperinients, the 
average consumption of gas was SI '42 cubic feet per I.H.P., and 
26-79 cubic feet per B.H.P. per hour. The gaa used was of 
excellent quality, although its calorific value was not very high 
— vis., 611'4 thermal units per cubic foot. The proportions of 
the mixture were 11 '5 of air to 1 of gas. One of the diagrams 
of the trial. No. 1, is given at Fig. 19. 

Wittig Sl Heas. — A vertical engine, by this tiriu, was 
made for some time in Germany, and tested by Professor 
Schottler in imi. As in 
the Clerk engine, there is 
a pump and a motor cylin- 
der, and both are enclosed 
a hollow cast-iron casing 
filled with water, which 
forma tbe cooling jacket. 
The shaft is above it, and 
both cracks connected to 
the two plunger pistons 
are set at the same angle. 
This is a two-cycie engine, 
of the usual type where 
compression is used. The 
pump piston draws in the 
gas and air during the up 
stroke, while the motor 
piston is driven up at the 
same time by the force of 
the explosion and expan- 
sion of the charge beneath it. In the down stroke the pump 
piston compresses the gases, and before the end of the strolce 
the pressure opens a valve in a large pipe connecting' the 
two cylinders, and thus establishes communication between 
them. Meanwhile the motor piston, in descending, drives out 
the gases of combustion at the beginning of the down stroke 
through the exhaust vjilve, which is on thi" opjiosite side of the 
motor cylinder to the pump, and is worked by a cam on the 
main shaft. When the piston has passed through three-liftha of 
its stroke the exhaust closes, and the prwlucts left in the cylinder 
are compressed, while the pump delivers the fresh charge through 
the return valve. During the latter part of the down stroke, 
therefore, both pistons are compressing, and the incoming gaa 
and air are thoroughly mixed with the exhaust gases. The force 
of the explosion then closes the return valve, and shuts off 
communication between the two cylinders. The bail governor 
>oii the gas admission valve. The latter is usually worked 
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by B. cam from tlie nmin shaft, which prSKsea down the upper 
movable jiart of the viilve-rod, and opens the valve. If the 
speed ia too great, and the balls of the governor rise, a lever 
pushes aside the top of the vnh'e-rud and, the train being missed, 
no gaa is admitted. 

Ignition is effected at tlie lower dead point by a novel method, 
seen at Fig. 30, also employed in the Sombart engine. An 
external flame, not shown in the drawing, burns in the slide 
cover. When the valve is in its lowest position, the cavity a in 
the slide valve communicates with the flame and, through the 
small channel b, with the compressed charge from the valve 
chest c, while air is drawn in through an opening near the 
bottom of the slide valve. The mixture in cavity a being 
ignited, the valve riaps, cuts off coramnnicHtion with the outer 
flame and the air, and an explosion follows as soon as a com- 
municates at c with the fresh charge in the motor cylinder. 
Thus far the ignition is almost the same as in the Clerk engine. 
In order that the flame may beat the same pressure as the mixture 
iu the cylinder, and the light not blown out during the upward 
movement of the slide by tlie rush of the compressed charge, 
there is a continuous Qow of gas through b and the hollows e 
and / into the cavity. In the slide valve aire two small pins 
opposite each other ; the one is hollow, and filled with the 
burning gas, forming a continuation of the grove j'. The other 
is conical in shape, and hts like an extinguisher over the flame, 
diminishing or increasing the flow of gas, according to the 
position of the slide. 

In a 2 H.P. (nominal) engine, tested by MM. Schiittler and 
Brauer, the number of revolutions were 105'5, and the consump- 
tion of gas per I.H.P. per hour 39 cubic feet. In another 4 
H.F. engine, tested by them at the Altona Exhibition in 1861, 
the number of revolutions jier minute was 103, and the quantity 
of gas consumed was 43 cubic feel per I.H.P. per hour. Details 
of this experiment will be found in the table given in the 
Appendix. 

In all the engines hitherto describetl, expansion of tlie charge 
during one forward stroke, or part of a stroke, gf the piston was 
only in the same ratio as the other operations. Of the two grest 
improvements on tlie original type, compression and expansion, 
the first, compression of the gas and air after admission, already 
formed a jwrt of almost every cycle, but expansion was still 
imperfect. Even now, inventors have not succeeded in increasing 
it so aM to utilise to the utmost the high pressures and 
temperatures obtained. Vsrioua schemes have been proposed, and 
various methods stiggcsted to remedy this defect. The three 
following engines exhibit diflerent attempts to obtain greater 
expansion, though none of them have succeeded in overcoming 
the initial difficulties, and in realising a good working cycle. 
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used, Eerving the double {lurpoae of pump and motor ; the crank 
shaft is at the top, above the cylinder. Gas and air are admitted 
in iJie npper part, and compressed by the up stroke of the piston 
into a ret^lver l>elaw. To make this compression space smaller 
than the explosion space at the bottom of the cylinder, where the 
gases expand — that is. to increase eipaiision in proportion to 
compression, the pistua-rod is of larger dlamet«r and the stroke 
is lengthened, thus the area of the upper face is smaller than 
tliat of the lower. This type of piston, having a top area less ' 
than the bottom, is called a ditlerential piston. The working of 
the engine is as follows : — The down stroke draws in air and gas 
at the top of the piston, which are compressed by tJie next up 
stroke and driven into a receiver. A slide valve worked from 
the main shaft now descends, shuts the exhaust and opens a 
passage for the compressed mixture into the lower part of the 
cylinder. The valve as it rises cuts off the admission, the charge 
at high pressure is forced into an explosion chamber in the 
slide valve, and ignited from a light burning in a hollow, A 
permanent outside ilame rekindles the light when blown out. 
The exploded charge, striking back into the cylinder, drives up 
the piston, and expands during the whole motor stroke. The 
«xliauxt in not opened till the slide valve begins to descend. 
The gas consumption of this engine was said to be only 21 cubic ' 
feet per I.H.P. per hour. It bears a certain resemblance to a . 
gas engine patented, but never construcied by Sir W. Siemens ; 
the principle of compression by the upper face of the piston will 
be found in several modem motors. Two drawings of the 
Kei-aine engine are given in Schiittler, p. 161. 

Sturgeon. — Another much more complicated two-cylinder 
compression engine, the Sturgeon (Fig. 21), was shown at the 
Exhibition in Manchester in 1887, by Messrs. Wallwork & Co. 
Here the problem how to obtain greater exjiansion in proportion 
to compression was ingeniously dealt with, hut at the expensti 
of simplicity of construction. The method was similar to that 
used in Atkinson's first engine, which certainly resembles the 
Sturgeon, but the means employed were rather intricate. There 
are two cylinders and three pistons. The front or charging 
cylinder B is horizontal, and its piston p acts as a pump; 
the Biicond or motor cylinder A is vertical behind B and has 
two pistons, P and P'; the four exhaust valves seen at a are 
at either end of cylinder A. The three pistons, shown in tlte 
drawing, work through their respective connecting-rods and levers 
upon the crank shaft; they are all trunk pistons and single- 
acting. The slide valves 8 between cylinders B and A B,rt> 
horizontal, in line with the crank shaft, and driven from it. As 
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the piston p of cylinder B moves out, it draws in the charge of 
gas &nd air through the slide valve helow ; in its return stroke 
it slightly compresses the mixture into the vertical ujUiider A, 
and the return stroke of the otiier two jtistons taking place at 
the same moment, the charge is further coui[ires9ed between 
them. Esplosion follows in cylinder A at the iu stroke, and all 
the pistons are driven outwards and forwards, but as the pump 
cylinder B is shorter than the other, piston p begins to return 
while the motor pistons ar» still moving out. Hence, the charge 
it has taken in during the out stroke is compressed into the 
motor cylinder at the moment when the other pistons, near the 
end of their out stroke, uncover the exhaust ports, and the corn- 



Fig. 21.— :Sturg«aa Goa Engine— Section&t Klevatioii. 

presseJ charge from B helps to drive out the products of combus- 
tion. As the motor iiistona begin to return the exhaust ports 
are shut, and all three pistons, moving simultaneously inwards, 
continue to compress the charge within very narrow limits. The 
principle uf the engine is to admit the charge in thfi smaller, 
and ex|)and it in the larger cylinder, and thus to increase the 
pi'oportian of expansion to admission and compression. The 
engine attracted attention at the Exhibition liy its noifieleBS 
working, due to the relatively large expansion space, but the 
numbiT of working parts was great, and the construction was 
soon given up. 

UartiDi. — k. third (French) engine of the same type, the 
Martini, patented in 1883, was first shown at the Paris Exhibi- 
tion of 1889. If made, it does not appear to have worked, but 
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it is int«reating as presenting anuther tlevetopinont of the id(« 
of increued expansion, afterwards practically and successfully 
treated by Mr. Atkinson. It is a four-cycle engine, in whii-h 
kdniiMiuD and compression are efiecteil during one revolution 
with a shorter stroke, and expansion and exhaust during the next 
wiih a longer stroke. Like the Otto, therefore, it lias only one 
motor stroke in four. The junction of the connecting-rod and 
ihu motor shaft is effected l>y levers in the shape of an isosceles 
triangle 1 the point of contact describes a double curre forming 
two uncquBl circles. The larger circle is described by the crank 
during expansion and exhaust, and the sninller during admission 
kiid conipression. The ratio, or difference in diameter of the 
two circles, depends on the position of this point of Junction, and 
the length of stroke can be modified by varying the inclination 
of the axis t>{ the cylinder to the axis of the motor shaft. The 
double circle described by the connecting-rod at the point of 
Junction is not symmetrical with the axis of the cylinder, but so 
devintes that the piston approsches the explosion end of the 
nylinder more nearly during compression than during exhaust. 
The automatic ignition is effected in the ordinary wny by sn 
cxtornal flame. The admission and exhaust valves are worked 
by Invors froDi the main shaft. Drawings of this curitius engine 
•re given in M. Hich&rd's* book. M. Martini, wlioae woiks are 
at b'rnuenfeld in Switzerland, now conatrucls four-cycle engines 
of the ordinary Otto type. 

TKngye. — A compact and bandy horizontal motor, embodying 
Hovirnl of the improvements already described, and resembling 
in ciirtftin respects the Clerk and Seraine engines, was con- 
structed formerly by Messrs. Tangye of Birmingliam, after 
Itobnun's patent, There is one cylinder closed at both ends, 
and the piston^rtxl works through a stufling-box. Explosion 
takes plucn at the back end of the cylinder, furthest from the 
cmnk, and with the help of an auxiliary chamber, an impulse 
every revolution is obtained. At the crunk end the charge is 
ftdmittDd at atnioiphrric, and passed on at slightly increased 
presKurti into an auxiliary chamber, from which it is dra» u in. 
at the other end of the cylinder, and compressed, ignited, and 
oxpandrd. Th'i npenings for the exhaust are at the crank end. 
The tmgiuii works as follows: — On the crank face of the piston 
tb« return stroke admits the mixture of gas and air, and the 
forward (expansion) stroke compresses it into the auxiliary 
ehamhKr nl a pressure of H lbs. above atmosphere. At the end of 
tills nut stroke the piston overruns the exhaust ports and reduces 
the pressure in the oyliuder below atmosphere. The slight 
pressiiru of tlie charge in the receiver is sufficient to lift an 
autohistie valve, fanning the couimunic«tion between it and the 
iMiik part of the motor cylinder. A fresh charge enters and 
■ Ltt Molmii <) Uax. Par Q. Richud. 
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drives oat the products of coubuatian. The return atroko com- 
presBee tins charge at the front end of the piston, ignition at the 
dead point follows, and the force of the explosion again drirea 
the piston forward. Thus one revolution completes the whole 
working cycle, and by storing up the pressure in an intennediate 
receiver, and utilising both faces of the piston, one explosion per 
revolution is obtained. This is an interesting little engine, but 
probably uneconomical, since the gases must be dischnrged at 
too high a pressure and temperature, and a portion of the fresh 
charge apparently escapes with theui. A drawing is given by 
Clerk.* The makers have now adopted the usual Otto type, ai 
described in tlie modem section. 

Victoria. — The " Victoria" engine, raaniifuctured at Chemnitz 
in Germany, was shown at the Munich Kxhibition in 18S8. In 
this motor the cylinder is placed vertically on a boxuhaped 
base, carrying the bearings fur the cruuk shaft below. The base 
is divided horizontally into two parts. Through hole^ in the 
upper part the outer air to dilute the charge in drawn, and led 
by a pipe to the admission valves ; the exhaust gases are carried 
into the lower part and there discharged. The piston and 
cylinder above the crank shaft are very long, and the top of the 
cylinder forms a guide. Explosion takes place below the piston, 
driving it up, and the motion is transmitted to the crank shaft 
through a crosshead and two connecting-rods. The admission 
and exhaust valves on opposite sides of the cylinder are worked 
by the same cam on the crank shaft through levers, The gust 
pipe surrounds the admission valve-rod, and gas and air are 
admitted simultaneously. The governor acts by interrupting 
communication between the gas valve and the levers and cam. 
The gases are ignited by a flame through a hollow tube, on the 
same principle as in the Koerting engine; this ignition tube 
is worked from another cam on the crank shaft. All the valves 
are held on their seats by springs. A drawing is given by 
Schiittler. 

Three small gas motors, none of them exceeding I II. P., were 
brought out abroad about ten years ago, though they do not 
appear to have found their way into England. In all of them 
the charge was introduced at atmospheric pressure. It was 
difficult, without infringing the Otto patent, to produce single 
cylinder engines using compression. For small powers, there- 
fore, compression and the resulting economy not being of so 
much imgwrtance as simplicity, the easier method of firing the 
charge without previous compression was preferred. As the 
temperature in the cylinder was thus reduced, a water jacket^ 
in two of these engines, was dispensed witli. The cylinders 
were ribbed externally to aHord a larger cooling suriace, and 
in this and other resjwcta they resembled the Bisschop. 
• Clerk. Tht G<ii Eiigmt. p, 19G. 
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Eoonomio. — The first was n vertical half H.P. engine, called 
1 the "Economic" motor, introduced into Europe in 1883 bj & 
Oompany of the same name in New Yurk. The external sar&ce 
of the cylinder is riblied, and t!ie connecling-rod and piaton. from 
which the crank shaft is worked, are attached to a beam. A 
small crank, driven from the main shaft, works a piston valve, 
which uncovers the valves admitting ga.a and air, and the opening 
into the exhaust. The motor piston draws a charge of ga.i and 
air into the cylinder through this valve. It is then ignited and 
nn explosion occurs, as soon as the working piston has passed a 
platinum disc, maintained at a red heat by an external flame. 
The governing of the engine is ingenious but complicated. On 
th« opposite side to the cylinder is an air pump worked from the 
heam. Part of the air thus compressed is used to feed the 
( ignition flame, but if the speed increases, and a larger quantity 
I (tfair is introduced, it presses down a disc, cutting off the supply 
of gas, This method was afterwards given up, and the governor 
allowed to aet directly on the gas valve. A drawing of the engine 
will be found in Witz'a work.* 

Bonier and Lamort. — The Benier and Lamart was another 
XDiall vertictil non-compression motor, introduced in 1882, which 
a said to combine simplicity and compactness with good work- 
ing conditions. The engine stands on a strong cast-iron base, 
and all the parts are brought as closely together us possible. 
(To economise space, the crank shnft is placed alongside the 
Sjrlinder, and the movement is tranaroitted vertically upwards 
^om the piston-rod through a beam and connecting-rod; the 
Stroke of the ]iiston and diameter of circle described by the crank 
) about in the proportions of two to one. The cylinder is 
)doaed at the top, where admission takes place, and open at the 
itottom. Oas and air enter through a slide valve worked by a 
igam on the main shnft, and held back by springs. As soon as a 
IS of holes in the slide are covered by another series in the 
Talve face, the out stroke of the piston draws in the gas and air. 
^Tbe inixturo is ignited by a flame carried in a cavity of the 
•lide, (ind lit after each explosion by an external light; the 
«xhaust on the opposite side of the cylinder is worked by a 
«e)>Brate cam. Thus during the first half of the down motor 
■troke, the charge of gaa and air ia drawn in, explosion and 
•expansion occupy the second half, and tlie return stroke drives 
out the products of combustion. The cylinder is water-jacketed 
in the ordinary way. In another and apparently an earlier 
-horizontal type of this engine, described with drawings bj 
Bchottler, cylindrical air tubes, open above and below, are 
iarried through the jacket to keep the water cool. The gal 
©onsumption of this engine is said to be 49 cubic feet per I.H.P. 

' Traill. Thforiguf «( Pralirpit dtf Molfiira d Oai. Par Aim6 Witi. 
pKris, 1S&2. 




per hi.ur. A drawing will be found in WltK. p. 229. A (iescrij^ 
tlon of the mnier hot air engine is in Part II. 

Forest. — The Forest engine, brought out in France in !883, 
differs very little from the Bonier, except in one respect. Instead 
of a water jacket, the external portion of the cylinder ia aur- 
I'oumled with deep ribs in the form of a screw, giving a large 
Bir-cooling surface. The cylinder is horixontal, and the charge 
in atimitted and ignited at the front end nearest the crank. 
Power ia transmitted from the piston by a lever and connecting- 
rod to the crank shaft. (Jas nnd air are admitted in the same 
way aa in the Bonier, through openings in the slide and slide 
face, while tlie cover, acted upon by the governor, shuts off these 
openings more or lesa according to the speed. The ignition and 
exhauat are also regulated by this slide valve, placed alongside 
the cylinder ; it is worked by a cam on the shaft, and held back 
hy a spring. A projection in the side of the cylinder, opposite 
the slide valve, causes the mixture to pasM in a zig-zag direction 
before the ignition opening. Here it is ignited when the piston 
has travelled through one-third of the stroke ; an outside fiame 
periodically rekindles the gas jet. Thus admission is effected 
when the slide valve is at one end, and ignition when it is at 
the other end of its stroke; when in its central position the 
games are discharged into the exhaust. The consumption of gas 
is about the same as in the Bonier. Drawini^a of the Forest 
engine are given by Schottler and VVitz. A much more impor- 
tunt type of thia motor, driven hy petroleum, with reversible 
action, and intended especially for marine use, is described in 
Part II. It is to thia class of engine that M. Forest has more 
particularly devoted himself. 

Ewina and Newman. — Another small non - compressing 
single cylinder horizontal engine, brought out in 1883 by Ewins 
and Newman, is distinguished by its somewhat peculiar method 
of ignition. By the forward stroke of the piston, gas and air 
are drawn into a mixing chamber at the back of the horizontal 
cylinder, from which the chamber is separated by a flap valve. 
The charge ia ignited by an outer llame, aa soon as a slit in a 
notched revolving disc, worked by a catch from the crank shaft, 
is brought to face a similar o|iening at the l>ack of the cylinder 
opposite the flame. The exhaust valve ia also opened bv * 
main shaft, and the return stroke expels the produc'* 
liustion. The engine ia evidently constract«d to r 
speed thiin is usual with such small motors. 

Franc oiB. — The Franijois, a vertical ent 
France in It-TO, bears a strong resomblauce 
in the latter, the explosion of the charge 
the piston, and tlie atmospheric presaitr' 
crank shaft ia not in the same line witl 
and the |>iston works upon it by moBtt' 
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two cranks, and two flywheels. Om and air are admitted, 
ignited and discharged at the bottom of the cylinder. Thei'e 
are two slide valves, one within the other. The larger one, 
containing the openings for tlie ex.haust and the igniting fiame 
is hollow, and hold against the side of the cylinder by the slide 
cover and lateral cheeks. The smaller valve is solid, and there 
is a space between the two, varying with their position. Both 
valves work to a certain extent independently of encli otlier. Ab 
the smaller moves, gas and air ai*e admitted from the cover 
through the opcniuga left between the valves, and pass to the 
cylinder. 

WarchalowBki. — Alt these Gmall engines belonged to the 
older nan -com pre Siting types, but an interesting little comjiroa- 
sion engine, designed by Warchalowski in 18tJ4, and made by 
Horde it Co., of Vienna, was shown at the Aotweq) Exhibition 
in 1885, It was compact and carefully designed, and differed 
very slightly from tlie Otto. The vertical cylinder was at the 
top. The governor regulated the supply of gas, by means of a 
projection, acting on the admission valve for a longer or shorter 
time, according to the speed. 

Nool. — Several small engines olitained a certain reputation in 
France, and a few are still made. One of the best is the Koel, 
brought out in 1888, and shown at the Paris Exhibition in 1889. 
It is remarkable because, like the Warchalowski, it is one of the 
few four-cycle engines constructed for small powers, from i H.P. 
upwards, and using compression. As in the "Ei-onomic" motor, 
there is one cylinder, kept cool externally by radiating ribs. In 
one type the piston works horisontally, and drives the main shaft 
below it through a beam and crank. The admission and distri- 
bution valves are simple lift valves, instead of the ordinary slide 
valves. They are driven by an aunilinry shaft, geared 1 to 2 from 
the main shaft. Air is drawn in autiiraaiically from the base of 
the engine, and ignition is obtained liy the electric sjiark, the 
governor when required wholly cutting off the admission of gas. 
Another vertical type is also made, and ilrawings of l>oth are 
given in Witz, p. 324. The engine can be driven with car- 
buretted air. 

Durand. — The Durand. a four-cycle horizontal engine, also 
exhibited at Paris in 1889, is adapted for working either with gas 
or oarburt-tted air, and the inventor proposes to drive it with 
gaa when small powers are required, and with carburetted air 
for high powers. Carburetted aii- is air highly charged with vola- 
tile petroleum vapour. The engine will be described among the 
Ktroleum engines, and one point only needs to be mentioned here, 
nition is by the electric spark, and M. Durand has utilised an 
i^ea first suggested in Germany. The two wires are attached, the 
one to a metallic point, the other to a toothed wheel, making one 

■olution for eight of the motor crank. The point rests against 
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tbe wheel, and a spark is produced each time it slips from one 
tooth to the other. Bj this friction of the two parts in contact, 
the metal is kept clean, and there is no danger of the spark 
failing. 

Mire. — Another small engine, the Mire, made from ^ II .F. to 
2 H.P., was also brought out in 1889. Like the Clerk it haa a 
motor and {iiimp cylinder, and an explosion at each revolution. 
It is one of the very few gas engines, the action of which can be 
reversed, and tlie engine worked either backwards or forwards. 
This is rather a difiicult operation, and gas engines are. therefore, 
seldom adapted for river boats. The Mire can be driven with 
gas or petroleum. 

^ Two other small French engines, the Laviornery and the 
Etincelle, hiive no special distinguishing features. The first is a 
nou-compressioii vertical engine, invented in 1880. The second, 
made by Gotendorff & Cie. of Paris, is a fourcycle horizontal 
compression motor, with electric ignition, and a hollow i»we 
serving as a water jacket, as in the Wittig and Hecs engine. 
Both were exhibited in P.iris in 1889. 

Baldwin. — An interesting and more important engine thtin 
the two last is the "Baldwin," introduced from America in 188:1. 
Like the Mire it is of the Olerk type. It has one hnrizoutal 
cylinder divided into two parts, the back forming the motor, ami 
the front the pump end. Gas and air enter the front, and nn: 
thence compressed into a reservoir. An automatic valve is 
lil^d as soon as the pressure in the cylinder is reduced, and 
admits the comj>ressed gases from the reservoir into the combus- 
tion chamber at tlie l>ack of the cylinder, with which the chamber 
communicates only through a small aperture. Here the explo- 
sion takes pkce, and the ignited mixture enters the cylinder 
exactly in the centre, the smallness of the opening preventing 
its dilution with the products of previous combustion. This 
arrangement has been superseded in later engines by an apparatus 
called a " retarder," and the inventor maintains that none of the 
fresh charge escapes with the exhaust gases. Ignition is effected 
by the electric current, from a amull dynamo diivm fimn the 
main shaft. To generate the spark at stoi ' i ' ''ond 

pulley to the dynamo, smaller in diumetri . morn 

rapidly than the ordinary driving wh»"el. '^ i il the 

engine is in full work. Three (I it^- 

to regulate the speed, first, by ■'. 
mixture, secondly, by partial, tin'i 
of the gaa, according to the great' i 
ball governor acts on the admissnii iii 
by a water jacket, and works wiih i;r.Mt r. 
of the Baldwin engine is given by U'n.-, i 

Varioua.— Other engines whicli ■.! nrr. 1 
their invention were the Limll.\v il.^vJi 
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cylinders ; the Northcot«, in which the eteun genenkted in the 
w&t«r jacket was utilised to iacreue the pressure ; and the 
Laurent, employing a regenerator. Three attempts were also 
made, about ISi*3, by Fielding, Bull, and Butcher, to construct 
reversible engines, but without much succpaa. Butcher further 
propoae<l to regulate the length of stroke by the governor. In 
the Alliaume engine the cylinder was cooled by vertical pipes 
in which kir circulated constantly. Other engines were Linford, 
IHTS ; Funck, 1879, the lirst engine to use ignition by a hot 
lube; Maxim, 1583; and Taylor, exhibited in the Engiish 'sec- 
tion of the Prtris Exhibition of 1 889. 



CHAPTER VII. 
THE OTTO GAS ENGINE, 1876. 



The Lunch rater Self- Starter. 



It is to Otto, the celebrated German engineer, that the honour 
belongs of having first pro<luced a practiim] working gas engine 
using compression, and giving an economical cycle of operations. 
The Otto engine was brought out at a time when, in the com- 
petition between gas and steam, the balance inclined so much 
in favour of the latter, that it even seemed possible that gas 
engines would be driven altogether from the field. The con- 
struction of the Lenoir and Hugon engines had l>een more or 
less relinquished, on account of the quantity of gas they con- 
sumed. Of all their successive imitators, none supplied the 
long-felt want of an engine working as staadily and economi- 
cally as steam, always ready for work, where a steam engine 
could not be used. The Otto and Langen engine, which fol- 
lowed the Lenoir and Hugon, was never popular, owing to its 
unsteadiness, noise, and irregularity. The inventors were fully 
cognizant of these defects, and for years they laboured to remedy 
them, working on the principle of admitting the gas and air at 
atmospheric pressure. At length, however, to the surprise of 
the engineering world, they gave up altogether this method of 
construction, and patented in 187(! an engine, shown at tha 
Paris Exhibition of 1878, which differed considerably from any , 
hitherto made. ,i 

Compression. ^ — The important innovation introduced in tha ' 
Otto engine was the coniprcssion of the charge of gas and Air ' 
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before ignition. The advantages of this ninthod have been 
already described. Beau de Roehas had in 1662 laid dovn the 
axiom in bis patent, that no gas engine could be economical, 
unless its cycle included compression of the mixture after admis- 
sion. Yet, although the extravagant consumption in gas engines 
was universally admitted, no one proposed to adopt compression 
as a means of diminishing it, till Otto's engine appeared. Even 
the inventor himself did not seem to understand the radical 
nature of the change he introduced. He attributed the reduc- 
tion in the conaumptiou of gas and the popularity of his engines, 
not to compression, hut to the stratification of the charge as it 
entered the cylinder. The novel method of admission and ignition 
was expressly protected in the patents. Whatever the cause, the 
success of this engine was from the first undoubted, and practi- 
cally, for many years after it was brought out, few others were 
sold to any large extent. For this reason, and on account of 
its excellent design and workmanship, it will be useful to con- 
sider carefully the constructive details and working of the Otto 
engine, although it was patented us early as 1S76. 

Original Otto.— In this motor, the whole cycle advocated by 
Beau de Kochas is effected in one cylinder, in accordance with 
his patent. The cycle is divided between four piston strokes, 
two forward and two back (two revolutions), and one explosion 
or motor impulse is obtained for every four strokes. The 
original typo of the engine is horiKontat, and the end of the 
cylinder nearest the crank is open. The first stroke of tlie 
piston towHrds the crank (forward) draws in the charge; the 
second stroke (return) compresses it, and ignition follows at 
the inner dead point. In the third stroke (forward) the force uf 
the explosion drives the piston, and in the fourth stroke (return) 
the products of combustion arc discharged. The thir<l is the 
only motor stroke, in which the pressure of the };ases produced 
by explosion causes them to expand, forcing out the piston, and 
performing actual work. All these opei-ations are carried out 
and completed ut the end of the cylinder away from the crank, 
and on one side of the piston only. 

At this working end there is a large clearance space, comprising 
about four-tenths of the whole volume of the cylinder, into which 
the chnrge is enmpressed, and where ignition takes place. As 
thf I'i^'' ' ' — ■ ' '■itT this clearance, the gases of combustion 
can I 'y expelled, but a portion is always left in 

till' < ti) mingle with the incoming charge. Otto 

ooii''i" iin ftdvarit.'igf thus to retain a part of the 

pri-tlMii - '.t . ipnii.u.-ii'.ii. In Avt ;.-. ;i iii-liii.ii against the piston, and 
deaden 'hp.- hhfvk ■■111.. i -...■, \ -. only one motor impulse 

ia givi'ii ii> fi.iiir »tt>i' ■ 'I 111 I'll the other thi-ee must lie 

riiii\ iij'j parts. Hence the fiy- 




giculi&ritj of stmcture to be mentioned, in studying tbe original 
tto type. In most gas motors the charge itself is carried ji&st 
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There is tirst the lupply pipe, providing gas to mix wttb air for 
till! charge, and coDti'ollud by the governor; another for the 
pr^rmiiueRC outride flame ; and lastly, a branch pipe feeding a 
small intermediary chamber in the slide valve, which comniuni- 
cates Hrst with the outside flame, then with the compressed 
mixture, nnd tires the cliarge. The arrangement has been 
modified in the later engines. 

Fig. 3^ gives a Bide elevation, Fig. 23 a plan of an 8 H.P. 
motor, and Fig. 24 an end view of the Ubto engine. The dif- 
ferent parts are similarly lettered in the three drawioga. A is 
the motor cylinder, and P the piston, shown, in Fig. 23 at its 
furthest |>oint in the in stroke, with the comprexsion or clear- 
ance splice behind it. At the crank end the cylinder is open. 
TliM piaton-roJ ia keyed lo the crosshead P', to which the con- 




Kig. 24.— Otto Engine— End Vi 

necting-rod 0, working on to the crank shaft K, is also attached. 
R is the counter shaft, driven by the wheels E and F from 
the crank shsft, and revolving at half the speed of the latter. 
This shaft R has many functions to perform. Through a crank 
H and small lever I it drives the slide valve S, where the charge 
is admitted, ignited, and exploded. Below is G the ball governor 
acting upon the gas valve L, and regulating the supply ; a ca 
and tappet ( upun the counter shaft open the exhaust valvt 
once in every revolution ; and, lastly, a strap from it drives tl 
oiling gear D above the cylinder, and supplies oil as long as tl 
engine is working. The cylinder is surrounded by a water • 
jacket W. It has two openings, a and 6— a is the charging poT^ 
filled first with gas and air at atn]osi)heric pressure from the' 
Ustriliuting chamber in the slide valve, and then with part ol 
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the compressed oliarge, And thraugli this port a bmgue of dame 
shoots into the cylinder, and explodes the remainder; l> la the 
o|)ening for the exhaust, and the gases of combustion pass out 
at e. Below at in is another opening through wIul'Ii air is 
admitted into the slide valve, mingles with the gas, and itt 
carried forward until, at a, it enters the cylinder. 

In Fig. 34 the double branching of the gas pipe to supply the 
perinaaent outside burner, and the temporary flame, is seen at Bj. 
The slide vahe S is worked by crank H and lever I ; e is the 
exhaust opened by lever i, and the cam ( on the counter shaft. 
The governor works u|>on the gas \i\]\c L by a tieries of levern, 
r, r'f while a liandle at r regulates the admission of gas to the 
valve from the rubber gaa bag 

t^'Slide Valve —The slide vaUe of this engine ia an ingenious 
piece of uiediamsm Ihere is drat the face next the cylindei-. 




Fig 25 —Otto Engine, IST6— Seotional Plu of Slide Yotve 



secondly, the valve proper, and, thirdly, the cover on the out- 
side ; the latter is held against the valve by springs and sorews. 
The slide valve alone is driven to and fro ; the other parts are 
fixed. Fig. 33 gives a sectional plan of the three parts, and 
their connection with the cylinder. Here A represents the 
cylinder, E the slide face, S the slide valve, and D the cover. 
W is the water jacket, a the charging port introducing the mixture 
into 'l>f cvliniicr "1 tliB opening in the slide face for admitting 
therii: ■ it i »« a chamber in the slide valve with 

thr.v. . d id n opening to the slide cover. 

Sh'irtl. iidl ■ passes frnm right to left, the gas 

is adiui 1 iif^ r, through « into the chamber. 



•hcT 



'lotion, the slide next 
jiosite It, and its con- 
be there compressed by 
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Meanwhile, at the other end of the slide valve, a different 
series of operations have been taking place at the same time. 
At B is the permanent burner in the slide cover, open to the 
atmosphere. While the slide valve passes from right to lefb, 
the chamber N is brought opposite B, but as it contains no gas 
no ignition occurs. But as soon as it reaches cf, gas from the 
third pipe is introduced into it through a grooved hollow in 
the cover. Before the slide valve commences its return move- 
ment, and while the mixture is being compressed in the cylinder. 
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Fig. 26.— Otto Engine- Vertical View of Slide Valve. 

the chamber N is tilled with gas from d, ignites on passing before 
B, and when brought opposite the cylinder port a fires the 
charge. It is necessary, however, to equalise the pressure of 
the gas flame and of the charge, lest the flame be blown out. 




P' Ga» 

Fig. 27.— Otto Engine— Vertical View of Slide Cover. 

As long as the small lighting port is in communication with the 
atmosphere through B the flame is easily maintained, but as the 
slide moves onward, and connection is cut off, it begins to 
fail. Therefore, before it reaches a, a hole is passed in the slide 
face, communicating through a T-shaped passage with the charg- 
ing port. A small portion of the compressed charge passes 
through it to the flame in N, and establishes an equilibrium of 
pressure between the mixture in the cylinder and the flame^ 
before the latter reaches and tires the charge. 

Figs. 26 and 27 give a vertical view of the slide and sli 
*ver. In the latter L is, as before, the pipe to admit the r 
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supply of gas, B, is the smaller gas pipe feedin;; the permnuetit 
flame B, Fi<;, '2.1, whicli burns at the bottom of a chimney. 
Through another smull pipe the gas passes at d. Fig. 27, and 
through the grooved pnasage d' to the lighting chamber M, Fig. 
2G. Above this chamber is the hole at i through which, and a 
passage in the slide face, communication is eRtabliahed between 
the cylinder and the light, as soon as th« slide passes the o|>en- 
ing of the passage. At e e. Fig. 26, are the holes for the gas 
entering the admission and distribution chamber M Q. Figs. 
28 and 29 show a vertical section of the slide valve and cover, 
with the arrangement of the ij^nitiou Hauie. The |mrts are 
lettered as before. N is the lighting chamber in the slide, B tlie 
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]iemianent burner in the slide cover. In Fig. 38 the flame at N le 
shown while being formed. Air enters from btlow, gas through 
the groove rf', (H)rresponding with the opening d in the slide 
cover. Fig. 25, and passes through this T-shaped channel into N. 
The chamber being in communication with tlie tiame burning 
in the chimney, the charge in it is ignited. Fig. 29 gives a view 
of the intermediary flame in chamber N, after it has been cut off 
from the outer burner, and frnm the gas pipe rf. The T-shaped 
passage d' hero opens on the other side into the cylinder port 
lugh t, and a small portion of the cnmpresf>ed charge pa-sses 
i through into !X. Shortly after, the port is brought opposite the 
bcyliader ])ort a and iirnition follows. Thus during one piston 
^.atrokH three onnuf ion., i=.K,> jJavf, nnd the slide valve has to 
''!!■ iiii ■! iiLiii^iiy llame, equalise the pressure 
■■'■li:- 111 ilic ..■ylintler, and ignite the latter, 
ilii'sf vnriritts actions are timed to 
a (]i;iLT;uii of the proportional 
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iiiovfiinentB of the motor crank, the counter shaft, and the slide 
valve. The Boman figures represent the positions of the crank, 
the Arabic figures those of the counter shaft, while the letters 
o, 6, c, </, show the movement of the slide valve. 

As th'' motor crank moves from 1. to II. in the direction of the 
arniw, the crank on the counter shaft which is set at an angle 




Fig. 30.— Olto Engine— Positions of Cnmk, Countershaft, and Siiile Vulve. 

of 4.1° behind it passes from 1 to 2, and the slide valve moves 
from o to 6 and bock again. During this time the piston moves 
out, and the fresh charge is drawn at Htmoapheric pressure into 
the cylinder. Fig. 31 gives this jiosition at A. Air is admitted 
mt m, gas at N, and both after mixing iu chamber M Q (Fig. 
25) pass through a into the cylinder. The next crank movement 
completinf; the first revolution is from II. to III. (Fig. 30); the 



a 



Fig. 31.— Otto Engine— PoBitiona of Porta and PaBsagea. 



counter shaft moves from ti to 3, the slide valve from a to c. 
Fig. 31, B, indicates the position of the slide valve. All the 
porta of the cylinder are closed, while the piston compresses the 
charge. The lighting chamber is brought opposite the per- 
manent flame and fired, and through the port for equalising 
the pressure, part of the charge in the cylinder ia ftlso compressed 
into it by the return movement of the piston. Position III. 
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(Pi^. 30) represents the inner dead point; ignition and explosion 
take place, and drire the piston through its second forward and 
only motor stroke. The crank shaft revolves from I^I. to IT., 
the couater shaft from 3 to 4, the slide valve passes from e to c^ 
an^ back again. Fig. 31, C, shows the progress of the slide 
during and after the ignition of the charge. From IV. to I. the 
crank completes its second revolution, the counter shaft passing 
from 4 to 1 concludes one revolution, and the slide valve moves 
from e to a and takes up (josition D (Fig. 31). All the admission 
ports are closed to the cylinder, while the products of combustion 
are driven out through the exhaust by the second return stroke 
of the piston. 

By this arrangement air enters the mixing chamber M (Fig. 25), 
and is passed on into the cylinder, during nearly the whole of the 
admission stroke, but gas is only admitted during the latter part. 
The two ports are so proportioned that the ingress of air is first 
cut off, and gas enters alone at the end of the stroke. The effect 
of this distribution on the stratification of the charge will be 
discussed further on. 

Fig. 32 gives a view of the exhaust valve. The lever opening 
it, K, shown also in Fig. 24, passes beneath the motor cylinder A, 
and is worked by a cam, (, 
on the counter shaft K. The 
end of the lever is held 
against the counter shaft by 
a spring, At a given moment 
the cam t presses one end of 
the lever down, and the 
other raises the lifting valve 

#'l b IB the opening into the pig, 32._ottoEng[ni 
cylinder, and e the discharge 
into the exhaust. When valve »' is raised, the action of the 
piston drives the products of combustion through b and «. The 
cam being one-quarter the circumference acts upon the valve 
during one-quarter of a counter shaft revolution, or one stroke 
of the piston. A second cam u|>on the other side of the shaft 
can also be adjusted to push down the lever, and hold open the 
valve, when starting the engine, during the compression as well 
as the exhaust stroke. This method of diminishing the preuare 
in the cylinder while starting has been adopted in other ena'^ 
besides the Otto. The second cam is easily disconnect^ 
the shaft, as soon as the engine is at work. 

The speed of the engine is regulated as shown in Figi 
pp. 70, 78. Upon the counter shaft H is a socket wi 
having a similar action to the exhaust cam. Wh( 
revolving at ordinary speed, this tapjiet regular' 
pushes up one end of the lever 7, resting upon 1 
of which terminates in the rod r, oj>entng tl 
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yrmtr^ L. But if tlie i^ieed incremsesy the htdls fl j out and posh 
iq> soother sttsil lerer «, whidi, forcing the sodcet to one side^ 
eafBmesk the tsppet o to miss the end of the lerer g. Nothing but 
atr » sAautUdy snd no explosion follows until the speed is 
f ft dai ftftdy sad the tappet being again in position acts upcm the 
pm ^alTe. The handle » (Fig. 22) is intended to raise the balls 
oalj when starting the engine, and fidls back automaticall j after 
the faa expUmon. 

Two BMtlMds were avaiLible for regulating the speed, either 
t^ est off whollj the supply of gas, or to decrease the quantity 
adamted; the former was preferred as being more economicaL 
So gMM could then pass unbumt through the cylinder, but, as an 
explosion was missed every time the gas valve was closed by the 
Igor c r n or, the speed became irr^^ular. Otto was obliged, there- 
ior% to modify the governing gear when the engine was used to 
drive dynamos for electric lighting, where a very steady speed was 
miiiired. Instead of the tappet, a cam with various steps acted 
■pon the lever g. When the speed fluctuated within slight 
timits, the cam opened the gas valve for a longer or shorter time, 
and varied the strength of the charge. The explosions were 
sometimes weak, sometimes strong, but never wholly missed, 
unless the speed was so greatly increased that the wheel of the 
lever slipped quite off the cam. Latterly, for small motors, Otto 
adopted the pendulum type of governor, which is frequently met 
with in modem engines. It consists of an oscillating weight at 
the end of a rod, swinging backwards and forwards with the 
motion r/f the engine and of the slide valve, to which it is 
attadied. As long as the speed is normal, a horizontal rod, 
connected to the pendulum, fits at each revolution into the 
iKKched end of the valve-rod opening the gas valve. But if the 
speed and the motion of the slide valve increase, the swing of 

the pendnlam cannot overtake them. 
The weight shilts the rod out of 
position, a miss fire occurs, and no 
gas is admitted until the speed of 
the engine is reduced. 

The lubrication of the Otto engine 
is simple and ingenious. Great care 
was necessary in oiling all the parts, 
especially the slide valve. Fig. 33 
shows a vertical section of the oiling 
apparatus. An external view with 
the two lubricating pipes is shown 
at D, Fig. 22, p. 76. This apparatus is 
worked by means of a small pulley, 
a, and a strap on the count .-r sha^ 
The cup is filled with oil into which a small wire, 6, on the same 
shaft as the pulley, dips at every revolution. The drop is wiped 
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Fig. 33.— Otto Gas EnguM 
Oiling Apparatus^ 



off on a fixed pin, c, pluued over a trougli. From the trough 
il runs into one of the two jtipes, and is carried either to the 
piston or the slide valve. Sometimes this urrangement is made 
in duplicate, aud the cup divided verticaliy. Two kinds of oil 
can be then used at the anme time, tlie better quality for lubri' 
eating the slide valve, and a courser oil for the piston. In this 
a[i|>aratus the oil is kept coot, and lubi'icntioa is automatic and 
continuous. 

For starting small power engines, the additional cam to keep 
the discharge valve open during compression as well as exhaust 
was found sufficient. But the Otto motors wpre soon applied to 
larger powers (over 20 H.P. nominal), and it then became impos- 
sible to start them without a special apparatus. The German 
Otto firm often use a small, to start a larger gas engine. In 
the two-cylinder 30 H.P. gas motors driving the dynamos 
lighting the Cologne Theatre, a small 2 H.P. engine is employeil 
to set them in motion : when they are once started the little 
engine stops. 

Few engines more ingeniously constructed than the Otto havi' 
yet appeared, and even now, when so many later motors have- 
been brought out, it is still one of the most economical. For 
many years after its introduction in 1876 it was almost the only 
practical gas engine made. More than 1)0,000 engines were sold 
in about ten years, and according to the German firm 35,000 
engines, with a total of about 150,000 H.P. had, up to 1693, been 
constructed by them. 

Otto himself attached, as we haiesaid, the greatest importance 
to his system of admitting the charge. The slide valve is so 
cooatructed that pure air enters first, and passing into the 
cylinder mingles with the products of combustion left from tlie 
previous charge, which the piston (as it does not enter the 
clearance space) cannot expel. Hence, next the piston, there is 
said to be a weak mixture, which is intended to deaden the 
shock, to retard combustion, and to take up some of the beat 
developed by the explosion. Qas next enters the slide valve and 
mixes with the air, aud this layer, on reaching llie cylinder, foruis 
a dilution of medium strength, the pro)H>rtions being about 7 of air 
to 1 of gaa. Finally, by the movement of the slide valve pure gas 
alone, without any admixture, is admitted into th« cylinder. It is 
this gns which, through the grooretl ITITTO jiA tl w %\iAis valve, 
feeds the burning light, and 'MaxmMgSgjtUgKjKji* st^>9 to 
shoot into the pocirer mixture lilH(}H^|^^^^|^|^33ilM there 
are three strata in the cyliw 
ness, the mixture nearest t* 
not ignite, except by the &n 
supjiosed to leap from one 1^ 
combustion so much desired \ 
men supported his theory < " 



aae- iiij ^ffmmi t» it. Pabafs tbe box proof ikmi h docs not 
0!>iff nfce fiiMf IB a* ■■■!! 1 1 ssppcanL is ramiakcd by tk* 
mak^a nt dbe f>Ea vaciBe in dliciuii coontric*. who hsw 
mmia^mk t^ Koie latre, aad ^d>Btirac«l idKi^aB br lift 
nt-ne, aa^ams uiy efrct oa tfe acdion. of the ai^inic- 

Aie pBGiOLa fx- the Ono ai^iB». vrbich b»T nov gjjMi e J , 
HU, iinieriT jtiinlr ed m y»tTtM»< br Seaars. CmsLeT Broch^s. 
•tf Hwn-iinrrT : in France W t^ CoMp^nic Fiu^ae d«s 

If II a G*x ; m Asierwa, bn ScUtkher. ScbuBM A Ol, of 

rti~«^rjhrii Ib rn iim fii^ &«*« looj been f ifhHihrd bcat 

Sbv^bI cf these fiiHa. vfcilc adberin^ to the prutoplr of the 
^rifMal CTf«. hkTc Hwie awiT ^teratkiiis in the «i>rking d^silx. 
Ma^Kk. fr'M'-T" bale mtcodaced ■y""*™* bj m boc tnb«. instead 
^%7itiT nrrni in the ■tide nJTe^ Fi^ M ^^^^ tvo rievs 



iws reevntlr been ^t^in 
Boditied. C is the passKxe 
into the cylinder. T tbe 
csst-iion Mibe. and R tbe 
asbeaxctt lining of tbe cfaim- 
oe*. The tube is dosed at 
the tofs knd kppt u a nd 
best br a Bons^ bwmer. B. 
Danng tl 

shaft lifts tbe lerer L. and 
pnsbcs np (he timing Talv*- 
E into the pwt D! So 
portion of tbe cooipiTssed 
charge can, tberefoiv. entw 
the tsbe, and anr bamt 
gasea left in it escape 
tbroogb A into tbe atmo- 
^fefe. Ac tbe inner dead point, vben tbe piston has com- 
pleted the ccaprtsauRi stroke, the cam Icares the leTer L 
friMi, E b drawn down by the sfving S, and the eonpiessed 
Miztsre, rvshm; into the ted-hot tabe. is there fired and i^tes 
the ■•fc" y G ami F are outlet channeb for discbar^fin^ the 
tanit g««— tfaroosh A. Tbns a rich mixtnre alone enters the 
Bt this method the pressure of 
utilised, and is made to &n the flame instead of 

As the Otto engine became more pc^aUr. and I«ryer sizes 
«Q« Mf-J» the cost of working it with town fas was foond to 
^ kcmy, cspecnnv on tbe ContiDent, where nads are jcenMall^ 
' " ' ' ■ Several methods wwe introdnccd far 
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making gas more chetiplj than by distiltatioa from coal. These 
will be described later on; the syateti) moat generally lined is 
Mr. Dowson'a cheap gas producer, which, wben applied to any 
(engine, reduces considerably the cost of working, as compared 
n'ith town gas. This gas, usually generated on the spot, is 
economical only when employed for larger engines. As it is much 
poorer than li^'hting gas, it requires to be diluted with a smaller 
proportion of air; the ratio is generally about 1 of Dowson gas 
to 1^ of air. In the Otto engine cei'tain modiiications in the 
size of the gas and air valves were formerly necessary. Gener- 
ally speaking, however, when it is desired to drive a motor with 
cheap or Dowaon gas, the makers prefer to supply an engine 
especially adapted to the ymrpose. 

For powers over 30 H.P., the makers of the Otto now often 
use engines having two cylinders side by side, and two sets of 
valves, driven from a single auxiliary shaft placed between them. 
One governor regulates the speed. The two motor cranks are 
in the same plane, working on one shaft, and the two piston 
rods are 180' apart. The forward stroke of one is the motor 
expansion stroke, while, at the same time, the other piston 
draws in the charge. In the two following strokes, the one piston 
compresses the charge, and the other drives out the products of 
combustion. Thus a motor impulse is obtained alteroately from 
each piston, for every revolution of the crank shalt. Messrs. 
CroBsley make engines of this type, indicating 170 H.P. ; the 
German firm bring them out up to 200 H.P. These twin-cylinder 
engines are also used for electric lighting, on account of their 
regularity in running. They can be worked either with coal gss 
or cheap gas. A two-cylinder engine indicating 30 H.P. was 
shown at the Electrical Exhibition at Frankfort in lti91. Each 
cylinder was coniplete in itself, with hot tube ignition and 
admission valves, and could be worked alone. Gas was supplied 
from a receiver controlled by the governor, which could be dis- 
connected from one cylinder, and made to act upon the other 
only, if less power was required. In all modern OUo engines hot 
tube ignition is used. Messrs. Crossley also make an engine, iia 
shown in Fig. 35, with two cylinders opposite each other, work- 
ing on to one crank. 

In 1879 Otto made an attempt to apply the compound prin- 
ciple of expansion to gas motors, and constructed an engine 
with three cylinders and pistnna, all singlc-ncling. lietwcen the 
two cylinders, in which explosion took ploce at tc mot civ, a third 
was introduced where the charge was furbliQT «x{iiuidcd. The 
cranks of the three pistons wore m' ' ' ~"" '" '" "" ' 
other that explosion was continiu 
each forward stroke, while tha *"" 
drove out the products of comtx 
the charge. Tlmathei 
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with the others iu each consecutive motor stroke, rccfiving 
the charge for expansion first from one, then from the other, 
&nd an impulse for each crank revolution was obtained. This 
type of construction aeema to huve been soon abandoned, and 
Professor Witz is of opinion that the friction and the greater 
cylinder wall surfaces exposed to the hot gases, and carrying oil' 
thoir lieat, would destroy the advantage ol' increased e 




Fig. 30.— 0"xi.Crossley Domealic Motor, 
' largo Mad mediu) ts, tite horizontal type of e _ 

■r, nodii arose for small, light 

Ki.' ■■Domestic Motor," Fig. 

lut to meet this requlre- 

"\ct thati a horizontal 
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engine, &nd can e&sily be transported. It has few jArU, and 
these are as simple as poasible. A j>eadulum governor acts 
on the gas valve through a vertical rod with knife edge, catching 
at a given moment into a projection, which liita the valve admit- 
ting the gan. If the speed increases, the pendulum swings back 
this rod, the knife edge is missed, the gas valve is not opened, 
and no explosion occurs. In this engine, as made by Messrs. 
Crossley, gas and air art^ admitted through a rotatory valve into 
the cylindfr. In the German type, the ignition tube is not shut 
off by a valve, but is always open to the cylinder, and a certain 
quantity of the gases of combustion, therefore, remains perma- 
nently in it. The compression stroke forces this residuum and 
part of the fresh charge up the narrow passage leading to the 
hot tube, and causes ignition. This type of motor is made in. 
sizes up to li H.P. 

Thu Otto engine, described in detnil ij 
chapter, ia of the original type brought o 
modifications and improvements have sine 
by Messrs. Crossley. In tlietr motors, ns 
the slide Tulve has been abolished for all 
and gaa are separately admitted through li 
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I the beginning of this 
It in 1876, and various 
e been made, especially 
low constructed (1893), 
tizes of engine, and air 
lift valves, worked by 
shaft. The exhaust lift valve, worked by 
a cam and levers, has been retained. The modern ignition by 
hot tube, instead of a flame in a cavity, has been described 
already. Communication between the cylinder anil the tube 
ia generally made through a timing valve, worked by a cam. 
A patent pendulum governor or a ball governor is used. The 
counter shaft is driven by worm gear from the crank shaft, the 
oiling is practically the same as that of the original type. 

Most Otto engines are provided with a safety apparatus to 

prevent their starting backwanl, and many have a special starting 

gear. With the exceptions above mentioned, all are made hori- 

. zontal. As a rule, for the smaller siz.es they indicate double, and 

for larger sizes two and a-half times their nominal horse-power. 

I Thus a single cylinder 20 H.P. engine, nominal, will indicate up 

[■ to about 50 H.P. ; a double cylinder 32 H.P. nominal will in- 

[ dicate 82 H.P. Messrs. Crossley also make 40 H.P. engines 

indicating 08 H.P. ; larger sizes have been described. In all 

these engines, the power obtained is based on the use of town 

gas. A special horizontal type is made for electric lighting, 

running at 250 revolutions per minute, A drawing of it is 

fltown at Fig. 37. The engine ia in sizes from C to U B.H.P., 

' ftnd supplies power for 50 to 112 incandescent lamps. The 

smaller sizes up to about 4 nominal H.P. run at 200 revolutions 

L per minute ; larger up to 14 H.P. nominal at 170 or 180 revolu- 

l tions, and the largest motors at 160 revolutions per minute. 

J According to Messrs. Crossley the consumption of Manchester 

L.gaB for driving their engines varies from 17 to 25 cubic feet 
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per I.H.P. ]ier hour, in propoi'tion to the size of the engine. 
With Dowson gas the uousumption oC anthracite coal is from 
M lb. to I'-l lb. per I.H.P. per hour, and of coke l-f) tb. At 
the CroBsley Works Dowaon gax in used to fiirniati from :^00 to 
300 I.H.P., and no steam power is employed. 

More experiments liave probably been made on the Otto than 
on any other gas engines. Details of these will be found in the 
table, p. 400, but n few of the more important are here aum- 
marised The earliest published trials on an Utto engine were 
carried out by MM. Brauer and Slaby, in Germany, in 1S78. 
Tlio engines indiciited 3-:i H.P. and 6 H.P.; the tirst ran at 
180 revolutions, the second at 159 revolutions per minute. 
Between 38 and 40 cubic feet of gas were used per I.H.P. per 
hour. This was a large consumption for an Otto engine, though 
at the time the economy, as com])ared with th(^ expenditure in 
other motors, was striking. From this peiioil fnr the next ten years 
the consumption of gas gradually diminished, as various improve- 
ments were effected in the engines. The amount of gas used 
also varied inversely witJi the size of tlie engine tested. In 
an important experiment* by Dr. Slaby in 1881 on a 4 H.I', 
engine, making 157 revolutions per minute, the gas consump- 
tion was 28'3 cubic feet per I.H.P. per hour. An indicator 
diagram of thin trial is given at Fig. 38. Another, carried 




out in America by Messrs. Brooks A Steward, under Professor 
Thurston's direction (diagram Fig. 39), was on an engine 
giving 9-6 I.H.P. ; the number of revolutions was 158, and the 
gns consumption per I.H.P. per hour, :;4*5 cubic feet. The 
greatest economy appears to have been obtained in an engine 
tested by Garrett, of U-26 I.H.P, consuming 194 cubic feet of 
Glasgow gas per I.H. P. per hour (diagram Fig. 4U). An interesting 
trial is on record, made by Teiohmaun & Bbcking in 1887 on aa 
Otto engine of 50'8 B.H.P.,nsing Dowsou gits. The consumption 
was estimated at 103 cubic feet per hour per B.H.P., equivalent 
to one quarter that quantity, say 23 cubic feet of town gas (see 

* FuU detaila of this experiment will bo found in the Appendix lo 
Professor Kleeming Jentua's Pitper on " Gim and Cklorio Euginea." 
lA-cturo delivenid Iwfore the Iiutitutiua of Civil Engineers on 2Ut Feb., 
1»N4. 
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p. 404). In 1881 a series of trials 
Palace b^r Professor Gryll Adams, on 



fere made at the Crystal 
Otto engines of varioas 



In 1888 an important set of trials of motors for electric lighting 
was made in London, tinder tlie auspices of the Society of Arts. 
The judges were Dr. Hopkiuson, F.R.S., Professor A. Kennedy, 
F.R.S., and Mr. Beauclerk Tower, and three gas engines were 
entered for competition, an OttoCrossley, an Atkinson, and a 
Griffin. So careful and accurate a series of experiments of 
different gas engines at the same time and place, and under 
aimilar conditions, has not, to the writer's knowledge, been made 
before. The Otto engine was of 9 H.P. nominal, the Griffin of 
8 H.P. nominal, and the Atkinson of 6 H.P. nominal. For the 
special purpose of electric lighting, the engines were tested 
according to efficiency under the following heads i^Regularity 
of speed under varying loads; power of automatically varying 
the speed ; noiselessneEs ; cost of construction, of maintenance, 
and of fuel. All three engines worked satisfactorily. The 









table, but, for coup&riaciD, the chief results of the three engines 
running at full power nre given below. 
The same gas was used in all the trials. 

Trials of (Jas Motors, Sooucty or Arts, London. Septembee, 1888. 
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1 

1 


NamsetEDgK... 


AtU^en. 


OttW3i«.W. 


arittn. 




Diameter of cylinder. 

Length of stroke, . 

Indicated horse-power, . 

Brake horse-power, . 

Revolutions per minute, . 

Mean effective pressure 1 
(from the diagrams), . J 

Quantity of gas per LH.P. i 
per hour (eiclusive of > 
Ignition flame), . . ) 

QuantityofgasperRH.P, 1 
per hour (exclusive of 
Ignition flame), . . \ 

Explosionn per minute, . 

Inilicatcd horse-power for 1 
driving engine alone, . / 

Mechanical efficiency, , 

To work engine alone, . 

Perceutuge of total heal j 
of oombusiion tarneii f 
into work, gr actiwH 
heat efficiency, . . ) 

Caloritic value of 1 cub. I 
ft of gas, T.U. (from 
chemical analysis), . \ 


S-5 inches 

12-43 inches 

11 IS 

9-48 

1.11 -1 

46 07 lbs. 

18-82<--ub. ft. 

22-U „ 

121-6 

I'CT 

157. 
22'8 

63.1 


9 '5 inchea 

18 inches 

17-12 

14-74 

160-1 
67-0 lbs. 

20-55 cub. ft 

23-87 „ 
78-4 
2'3S 

Sff"/. 

21-2 


S-OZincbet 
14-0 „ 

15-47 

12-51 

J98-1 

64-15 Iba. 

22-64011^ ft. 

28 ,. 
129 
2 '9(1 

80V. 
20"/. 

21-1 
624 


1 


The LancIieBter Patent Self Starter is a simple but ingen 
louB device for starting gas engines of any size, with or without 
rompression. The apparatus consists of three small additions to 
he ordinary working parts of an engine. These are, a tube 
hrough which gas is forced into the cylinder, displacing the 
greater part of the air in it, and mingling with the rest to form 
an explosive charge ; a cock at the top of the cylinder, provider 
with a small automatic valve, and terminating in a nozzle open 

open the exhaust valve during the corapresBion, as well as during 
he exhauat stroke. The latter now forma a part of many gas 

engines. 
The method of starting is as follows.— The piston being pre- 

rioualy stopped, or brought by hand into a position slightly over 
he incentre of the working stroke, gas is allowed to enter the 
ylinder through a special nozzle, either at the ordinary pressure 

[if the gas muin, or through a little linnd pump. At the same 


M 
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time goa ia admitted tlirougli another jtipe with two branches. 
One terminates in an exteroal fiauie, the other communicates 
frealy with the cylinder through the cock mentioned above, in 
which is an automatic valve, usually held down by its own 
weight or by a spring, and leaving the passage free. When tlie 
pressure in the cylinder exceeds that in the passage, the valve is 
driven U]i, and shuts ofi' communication. The gas entering by 
the nozzle displaces the air in the cylinder, and forces it out 
through the iiassage until, the air being gradually expelled, gas 
follows and ignites at the external flame. The supply of f^as 
being cut oS, the velocity of the flame propagation exceeds thtit 
of the mixture issuing from the nozzle, the flame strikes back 
into the cylinder, an explosion is produced, and the piston 
driven out. The force of the explosion closes the automatic 
valve. With small engines this is sufficient to start, but in 
larger motors the secoTid cam actuating the exhaust is brought 
into play. As the pressure in the cylinder thus falls below 
atmosphere during the conipression stroke, the automatic valve 
in the passage lifts, and the mixture, admitted in the ordinary 
way, is ignited at the external flame. At the end of the stroke 
the pressure in the cylinder rises, and the flame strikes back 
into the compn!ssion sjiacB behind the piston. 

The working of this apparatus varies according to the bim of 
the engine. To start a large motor, a series of low-pressure 
explosions are required, until sufficient power has been gener- 
ated to drive the engine in the ordinary way. The valves, 
cocks, and the exliaust cam are then easily thrown out of gear by 
hand. The tube and noxzle for introducing gas into the cylinder 
may be dispensed with, and the charge admitted through the 
usual valves. The combustible mixture ia then compressed as 
before into the passage leading to the external flame, ignites, 
and explodes back into the cylinder. 

One modification of the Lanchester apparatus is used to start 
the Bisschop, and another is intended for engines in which the 
mixture in the cylinder is already compressed. A double seated 
valve works in a small chamber tilled with the explosive mi:t- 
ture, and communicating with the compression space of the 
cylinder. When the valve ia on its lower seat, communication 
is cut off, and an external flame plays into the ehauiber ; when 
the pressure in the cylinder produced by turniu); the criink by 
hund forces the valve on to its upper seat, the flame is cut ofi^ 
and the ignited mixture spreads to the cylinder, and firea the 
charge. The opening of the exhaust reduces the pressure in the 
cylinder below atmosphere, the valve is again driven down on to 
its lower seat, the flame plays into the small auxiliary chamber, 
and a second explosion against compression is obtained. The 
force of the explosion ia also sometimes used to close the valve. 
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CHAPTER VIII. 
THE ATKINSON ENGINE. 



Till! inf{enioua mechanism of the Otto engine descrihpd in the 
last chiiptf !■, and the fuct that it was the first to realise the cycle 
of Dean ile Rochaa, made it long sod deservedly ]K)pular. It 
seemed as if a gas engine had at last Iwen produced, working 
with the re(|oisite steadiness and economy. But, as time passed, 
the question arose whether a still lower gaa consumption and 
better design were not possihle. Experiments had proved that 
only about one-fifth of the heat given to the heat Otto engine was 
utilised as jKiwer. Defective expansion was one of the chief 
causes of tliis loss of heat, and how to remedy it is the problem 
still occupying the iiiinda of engineers. To increase the length 
of the piaton-stroke enlarges the cylinder volume, and admits 
more of the charge, and at l!ie same time allows greater scope for 
the expansion of the gases. It is the proportion of the volume of 
admission to the total volume, or number of expansions, which 
may be altered, and the piston made to travel through a shorter 
distance when admitting and compressing, than when exjianding 
the charge. The solution of the problem presented by Mr. 
Atkinson is original and ingenious. Practically, the question is 
trcftted from a new point of view, though the method had been 
fore-sb&d owed in several directions by earlier inventors, — Seraine, 
Sturgeon, and Martini—but none of them had been able to realise 
a working success. Tlie numerous experiments made on the 
Atkinson engine prnvf that it is also very economical, works 
well, and requires little attention, 

Principle of Atkinson Engine. — Mr. Atkinson has intro- 
duced two engines, the main principle of which is the same, 
although carried out in diflerent ways. The whole cycle is per- 
formed in one cylinder ; there is one motor-stroke in four, and 
this Btixike corresponds to one revolution of the crank only. The 
four operations of tlie Beau de Kochas cycle ^admission, com- 
iression, explosion plus expansion, and exhaust, are effected in 
se^)arate strokes of different lengths, and hence the ratio of 
nsion is inde)>endent of the ratio of compression. A special 
ire of both engines is that the comprcasion or clearance 
i varies according to the operations taking place in the 
linder, whether the piston be admitting, compressing, or ex- 
^nding the charge. Like others who have studied the subject. 
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Mr. Atkinson considered that the two main soarces of waste of 
heat were ihe exhaust and the water jacket, snd he has attempted 
to reduce these losses by arranging the connection between the 
piston and the crank, so as to give different lenj^hs of stroke. 
If the piston travels more quickly, there is less time for the heat 
to be carried oS by the Jacket ; if a longer expansion stroke is 
obtfuned, the heat and pressure of the gases have more time to 
act in doing useful work on the piston, before the exhaust openi. 
The more rapid and longer exjiansion obtained by Atkinson, 
after many trials, forms the chief novelty in his engines. Ho 
claims to expand the charge to the original volume during one- 
eighth of a revolution, as compared with half a revolution during 
which it is expanded in the Otto. In the latter engine the 
charge is drawn in during one out stroke of the piston, or half 
a revolution, and expanded during the next, while the crank 
makes another half revolution, to the original volume, — namely 
the total volume of the cylinder. In the Atkinson eiigine, the 
stroke expanding the charge is nearly double as long as that 
admitting it, and hence the charge expands to almost twice its 
original volume. In a 6 H.P. motor the suction or admission 
stroke is about ti) inches, the expansion stroke is about IIJ 
inches. As the whole cycle ia effected during one revolution of 
the crank, this increased ex[iansiou is obtained in one-quarter 
revolution, and ex|iausion to the original volume in one-eighth 
revolution, or one-quarter tbe time occupied in the Otto engine. 
The hem transmitted through the walls to the jacket should be in 
proportion — first, to the time the wall surfaces are exposed, and 
secondly, to the differences of temperature between them and 
the gases they enclose. Rapid and prolonged expansion ought, 
therefore, to check the waste in both directions. The quick 
moving out of the piston brings the ignited charge in contact 
with the walla for a, much shorter time, and the heat being 
absorbed in expansion, by the time the exhaust opens the 
gases are comparatively cool. Mr. Atkinson maintains that 
he utilises three times as much heat as Otto in the same 
time. It is certain that, owing to the way in which the 
lengths of the piston strokes are proportioned, more com- 
plete expansion is obtained, but whether more heat is 
really utilised than in other motors trials alone must 
decide. 

There is no slide valve in either of the Atkinson engines. The 
raechaiiisui for admitting and firing the charge is simple, but 
the link and lever arrangements for connecting the piston and 
crank are a little complicated. On the whole, both his engines 
work coonomically, and the consumption of gus in the Iat«r 
" Cycle " engine, as shown by the Society of Aria' trials, ia very 
low. The uioditi cations introduced are— I. Initial compression 
into a much smaller space than the original volume. 1 1, Smaller 

7 



wall BaifMie expooed in m giTcn timif. III. Rapid and continued 
axpansioD. 

Diiferentiftl Engina.— As rari; as 1S79 Mr. Atkinson took 
oat a falpnl, >'a S213, for a CTunpressioo engine of the Otto 
type, in nhich i^itioo was obtain«J by a red-hot tube. Thin 
was one of the drst instances of a working enjctne tiring the gas 
in this war ; tkn sane miMtwd wu empkiyed in the same year 




by Leo Ftinck. Atkinson suim nl.andonefi tliis type of < 

Btrnctioii, and began to work on new lines. Fig. 42 ■' 

seclional elevation of hia first or DiS'erentiitl engine, eJ. 

at the Inventions Exhibition in 1895. The horiioiitAl I 

r Under A contains two pistons, both working outwu 
ned by their connecting- rods, C. and Cj, to the beat i 
and Fj, which act through 11, H^ upon the may 
Of these two pistons the left-hand one, P,, may b 
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the pump piston, and chiefly compraisps tlie charge ; the right- 
hand, Po, ia the working piston, and effects the greater part of 
the working stroke, but both pistons co-operate in utilising the 
explosive force of the gaaea, Thsre is only one cylinder, open 
at both ends ; during the comprosaion of the charge the pUtona 
hold the exhaust port and the ignition tube closed. 

The method of admission, ignition, discharge, and regulation 
of the speed is simple. Air is admitted through an automatic 
lifliviilve, gas through a valve opened by a rod from an eccentric 
on the mail) shaft. The rod terminates in a knife-edge acting 
on the lever of the gas valve, and if the speed be too grent the 
governor, which is driven by a pulley from the crank shaft, shifts 
the valve-rod out of position, and no gas is admitted. Ignition 
is by a tube kept at a red heat by an external Bunsen burner. 
It has Dt) vaJve, hut opens directly to the cylinder throngh a 
small aperture. The exhaust, uncovered by piston P,j in its 
out stroke, is closed by an automatic valve, and. opened by the 
action of the piston. The admission and distribution valves are 
in fi-ont, the exhaust is at the back of the cylinder, which has 
a water jacket at the tup only, as seen in the drawing. 

The method by wliich the two pistons act upon the crauk is 
given in the four positions at Fig. 43, showing the links, the 
levers, and the movement of the connecting, rod a. p-^ and p^ are, 
as before, the pump and working pistons, and h the ignition tube. 
In the first position, a, the two pistons are shown close together, 
and both at one end of the cylinder. The products of combustion 
have been completely expelled, and the clearance space between 
the pistons is reduced to its smallest limits. The energy of 
motion in the flywheel now lift« the crank, the pump piston /*, 
moves rapidly to the left, the othttr piston following it slowly, 
the automatic udmission valves are uncovered at U, and the 
charge {position b) enters between the two pistons, through the 
openings left in the black lines in the drawing of the outline 
of the cylinder. In position c the admission valves are closed, 
the working piston lias followed the pump piston rapidly to the 
further end of the cylinder, and the oliarge is shut into the 
diminished volume between them, leaving a relatively small 
surface of cylinder wall by which the heat can escape. A slight 
further movement of the pump piston uncovers the ignition tube, 
the compressed gases enter, the charge is fired, and the working 
piston moves rapidly out to the entreme limit of the cylinder, 
unoovoring the exhaust valve. The pump piston follows more 
slowly, driving out the products of coinbuation (position d). 

In Fig, 43 Uie varlal -h ^tv^uni' -^i-iu-c i? shown, and the 
nation of the pistvos upor i.thh-u .lulI exhaust valves. Th« 

I I'V the movement of the 

L'.iment with the exhaust 
) he fired or expelled. 
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The pi.stona ihemanlreB act bb 
bIkIc valves. Between them the 
futictioiis of ml mission, compreB- 
enpansion, and exhaust ara 
performed in four strokes of un- 
equal ieugtlis. The actual clear- 
ance Bpitce, into wliitrh neither 
piston enters, is about I inch ia 
a 2 H.P. engine. The distanoes 
between the pistons during the 
diflerent operations are aa fol- 
lows : — Admission 3'4 inches 
{position b). Fig. 43 ; CompreB- 
inch (position c) ; ex- 
plosion and expansion 7~6 inchea 
(position dj ; exhaust 1 inch 
(position a). The proportion of 
the two strokes, or the nitio of 
admission and compression to 
expansion and exhaust, is as 
2-68 to4'44. 

In theory the action of the 
Differential engine appears to 
realise almost complete expan- 
but the prHCI.ii'al reaultB 
obtained were not uniformly 
satisfactory. Professor Schbtt- 
ler found that the consumption 
when running emptv was very 
high, and the mechanism of 
transmission was also defective. 
The levers, links, and connect- 
ing-rods were rather unwieldy, 
nnd after a few years' trial of 
the engine, Atkinson improved 
upon it by the production of 
tiie " Cycle," in which the same 
principlewas retained, embodied 
in a mud) sim|iler form, 

"Cycle" Engine, — In ont- 
waixi appearance the "Cycle" 
engine, patent No. 3.'>22, March 
12, 18>^6, seems to differ little 
from thtf ordinary type of a 
pression gus engine. The 
of tlie horixontal ojLiiuler 
is placed, aooentf •> 
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the DifTereatial engine, the expauHion and exhaust strokes are 
longer than the admission and compression strokes, and the whole 
cycle of operations is completed during one revolution of the 
crank, with one piston and cylinder, without the aid of a pump. 
This constitutes the noielty of the " Cycle " engine. Instead 
of using two pistons, tiie four unequal strokes are all obtained 
with one piston, working upon the motor crank through a 
series of rods, links, and levers, instead of acting through the 
usual connecting-rod. The admission and exhaust are operated 
with valves in the ordinary way. There is no valve to the 
ignition tube, but the charge is ignited automatically during the 
compression stroke. 

Pig. 44 gives a sectional elevation, and Fig. 45 a plan of a 
2 H.P. "Cycle" engine. A is the cylinder, P the piston, at W 
the water enters the jacket. The cylinder is placed upon a 
strong base-plate, B, in the interior of which is the mechanism 
for transmitting power to the crank. The engine is provided 
with two flywheels. E is the lever, H the small crank or 
vibrating link, the end of which only is seen, C is the connecting- 
rod, M the lever joining H to the crank shaft K, and L the fixed 
point in the base, al)out which the lever E niid small crank H 
osciUat«. G ia the ball governor, acting upon the gas admission 
valve by a lever, /, and va!ve-rod, v, shown in Fig. 44. As long 
as the Hj)eed ia regular, the valve o opens to admit the gas. 
"" ' 11 rests against the valve, but is not solidly connected. 
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cook for admitting the gas, and t the ignition tube, kept a 
red beat by a Bunsen burner. The tube t is permanently open 
to the cylinder through a very small passage, and has no timing 
valve to uncover it at a given moment, and ignite the gases. 
The ignition of the charge in this engine is based ujKin the theory, 
that a small quantity of the gases of combustion always remains 
in this narrow passage. The pressure of the return stroke drives 
these gases and a portion of the fresh compressed mixture up the 
red-hot part of the tube, where they ignite, and spreading back 
into the cylinder, fire the remainder. The method works well, 
oiring P'*'^MJMBrfftpJ""*y o^ the charge obtained by the 
"■ 'b perfectly regular. The exact 
' ' raising or lowering the 
* " J tube, but the time of 
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S*hmtst stroke, 
I*oiHtion a. 




AdmUMon 

i\f charge, 

roiiHon b. 




the low pressure of the gases of combustion. But whether 
ignition occurs at the inner dead point, or when the piston has 
moved out a little way, does not greatly affect the action of the 
engine. In the one case the expansion stroke is longer, in the 

other the pressure is 
higher. 

In these details the 
Atkinson engine differs 
little from others. Its 
distinguishing feature, 
by which practically 
complete expansion is 
said to be obtained, is 
the link and toggle 
motion shown in four 
positions at Fig. 46. 
A is the cylinder and 
P the piston as before. 
c is the connecting-rod 
to the small vibrating 
link H, which, through 
E, is joined to the fixed 
point L. M is the lever 
connecting through the 
crank M^ to the crank 
shaft K. Position (a) 
shows the end of the 
exhaust stroke, when 
the ])iston is at the 
inner dead point. The 
piston moves out, 
drawing in the charge, 
and the lever M rises, 
carrying the link H 
with it At (b) the 
crank has performed 
nearly a quarter of a 
revolution, and H and 
M are in their highest 
j)ositions. The energy 
of motion carries M 
and Afj round, forcing 
down H (position c) 
and the piston moves 
in, compressing the 
cl large, but not to the 
b from whence it started. The clearance space left at the 
df the cylinder is slightly larger than before, and the charge 



Compre»Hon 

qf charge, 

roHtion e. 



Etjitoiiitm 
Jb KTjMnxifin, 

J*nfiUiuH d 




Fig. 46. — Atkinson Cycle Eneine — Four posi- 
tions of Link and Toggle Motion. 
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is driTOD into it, at a. pressure of about 45 lbs. The proportion 
of compression to admisaion is as 4 to 5. At the end of this 
stroke, when the crank has performed another quarter revo- 
lution, the pressure forces the gases up the red-hot tube, and 
ignition follows. The piston is driven out to the extreme limit 
of the c_Tlinder, ^i and H are both in their lowest positioas (d), 
and the crank has completed three-quarters of a ri;volution. The 
exhaust stroke following is longer than the ex])ansion, since the 
piston moves in to the extreme end of the clearance space. M 
and H are raised, the cmnk completes its revolution, the pro- 
ducts of combustion are thoroughly discharged, and the cylinder 
cleared for the next ad mission-stroke. Fig. 4t>a shows the same 




arrftngenu'nt for ten positions of the piston, connecting-rod, lever, 
and crank during one stroke. In the " Cje!e " engine the ratio 
of the cylinder volume utilised for cnrnprpssion in 25, and for 

expansion, 4*3, The lenj^ha "f ''"- ''"'" "" I'll piston strokes 

are: — First for"-ar(l strokn (niln 'i-s ; iirst return 

stroke (i;oniprcsiiL.n), 5-03 IBcJi' ■ I stroke (expan- 

sion), 1 1-13 inchea; s^gBlil^iM ■■■'). lS-43 ii ' 

These dimensions a 

The pl-opoi-tioo,^^^^^^^^^^^^^ 
can be varied t^^^^^^^^^^^^^^HfeK*- the 

centre L uad 111) - . 

gaa. The 
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The gftses are dischRrged at a preuare of only 10 lbs., aod the 
cylinder being thorougbly cleoiiBed after each explosion, ignitioQ 
ia said to be more certain. The usual strength of the choi^ is 
8 parts of air to 1 of town gas. Somettmea the dilution is 6 to 1, 
but the mixture is richer than in the Otto engine, as the charge 
is free from the products of former combustion. Experiments 
Ifttel; made by Mr. Atkinson, to determine the effect on the 




niption of gas of wholly driving out, or retaining in the 
cylinder a portion of the burnt products, gave an economy of 
3 cubic feet of gas per B.H.P. per hour wjicn tlie cylinder «M|j| 
thoroughly cleansed, equal to 11-7 percent, of the tolal consul" 
tion of gas. 

Trials. — The trials made on the Atkinson w 

the table at pp. 400, 402, 401. It has been 




'"ssorB Unwin, Schottler, and Thurstnn. In nn important 
made hy Profeesor Unwin m 1887, tlie diagram of 
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vhlch ii givnn at Fig. 47, the consumptioD of LoodoD gu in th« 
Atkinson tingino was 225 cuWo feet per BH.P. per iiour, and 
tli« nttio of i^xpnnNion 3j, ns compnred with 2^ in the Otto. 
I'mfpiuttir 8cli(ittlcir did not obtain such favourable results, but 
liii) rnginti WKH of tbe DiSerentikl type. Fig. 48 shawa a 
dikgrani t«kcn during tlin tri»l. The Society of Arts' experi- 
mnnta liAvn bncn nlrriidy quoted. In tliese the consumption of 
giu for iKo Atkinson ongino was 19-22 cubic feet per LH.P. 
iwr hour, Uio lowest li^um recorde<l for any of the competing 
vngiite*. A diagrRm of this trial is givpn at Fig. 49, One 
of thfl moot coinploto tests on thn Atkinson engine was made 
in OotobHr, 1801. at the Ushridge Water Works by Mr. 
ToiiilinaoH. In thi» experiment, not only the efficiency of the 
migino. but the value of the Uowaon gaa used to drive it, was 
diUnninfid. Tho engine indicated 21-95 H.P., and the anthra- 
■tta burnt »mount<id to 1-06 lb, per I.H.P. per hour, Pig. 50 
ilu>wa a dingram taken at lliis trial. The best steam engines 
raqoin about 2 lbs. of good coal per I.H.P. per hour. 

At Fig, 01 is shown a lOU ii.V. nominal "Cycle" engine, 
with the cylinder slightly inclined. The drawing was fciudly 
given to the author by Mr, Atkinson. 

The Atkinnon cngiue is nia^le by the British Gas Engine and 
Engineering Co. A typi', surnamed the " Utility" has Ut«ly 
l>©an intrt>dDced, Bpecially for small powers and high speeds. 
The action of tho engine is the same as in the " Cycle," with an 
impulse ovory revoluliou, but the cylinder is horiKontol, instead 
of being inclined. The crank is enclosed, forming a r 
into which air is compressed by ihe action of the piston. 



CHAPTEK IX. 
THE GRIFFIN, BISSCHOP, AND STOCKPORT ENGINES. 

CosTKHT* — liriffin Six Cyolo Type* — HoKsmUl tad ^'rrti-i^ Trish 
tttnchop -Method of Wnrking— TfcIs^ — Slookport^ — ^^P**- 

The QriiBn Q«s Bnsine. — This hflritontal engine, ci 
Mrssrs. Dii-k, Kerr A fix, of Kilmarnock, has had < 
» success in England, especially where great st^ArdiQess am 
r«gulanty of speeii are r^uired for electric lighting, bot it ■ 
little known abruad. Thcrr is only iwr cytinder and patM 
The engine belongs to tbe sit.*vcle type, is in a oMiai* 
do<tUe.aetins,Knd both sides of the pUUui are useJ for 
«t^ charge, as in a ste*a en^nc It is ir^haki 
■«•<» of tkis tfKMl tjjm «hkk is stiU mtuit. 



by Mr 
able * 
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At p. fi2 will be found 
tioiis in a. six-cycic engii 
lungth, comprising — 1, Adi 
explosion and expansion; 4, 
o, drawing in air or scavenge 
air. The defects of this cycli 
speed, and the loss of po«< 



ription of tlie method of opera- 
There are six strokes of equal 
of charge ; 2, compression ; 3, 
:pelling products of combustion ; 
;harge ; 6, expulsion of charge of 
re — the want of regularity in the 
to the smalt number of ignitions, 



there being only one motor stroke in six. These disadvantages 
are to a certain extent avoided in the Griffin, by making it 
double-acting. Instead of one ignition and nne working impulse 
every three revolutions, a charge of pure air is admitted, and an 
ignition obtained, alternately on either side of the piston, at 
every one and a-half revolutions of the crank, and for every 
three strokes. Thus the action is much more regular, but the 
heat generated by the explosions taking place on both sides of 
the piston is almost as gi'eat as in the Lenoir engioe. This is 
partly counteracted by the scavenger charge of air which, by 
cooling the cylinder, has a beneficial effect on the temperature 
of the walls. To diminish further the heat of the explosion, 
there is not only a water jacket lo the cylinder barrel, but to 
the cylinder cover next the crnnk, through which the piston-rod 
works. This hax a cooling effect on the rod, and the indicator 
diagrams, taken during the trials of the Society of Arts, showed 
that the mean pressure in the front end of the cylinder was 
from 6 to H lbs. lower thau at the back, where there was 
no cover jacket The piston-rod, thus cooled, carries off part of 
the heat, and reduces the pressure. 

The following table ex]>tains the double action of this engine; — 

Forward stroke — 1, AclmiBaial)| 

of cLarjie of gas eoil air. (_ , 

Back Hirolke— 'A ConipresBion o~ 

charge of gas an ' 



..iM 



Back itroke — 4, Diacbarge of 
bomt products througb ex- 

Forwaril atroke— 5. Drawing in 
scaveogei' cliuri^eof pure air. 

Back ilioke — 6, Driving out 
KBVMiger charge of pure air- 



Back Blroka — 3, Driring out 
BcaveiigT charge of pure air. 

Forward stroke — 4. AdroiBgion 
of charge of gas and air. 

Back stroke — 5, CompreBaion of 

cliarie of gaa and nir. 
Forward St ruke— 6, Ignition and 

expansion of charge of g«B and 



if course expended in 
e gas by the momentum 




of the Rywhpel, Ac, inittead of positive work of the gas on thr 
•ngine. Although a six-cycle, by making it double-acting, i 
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becomes virtually wliat may be called » thi'Ae-cycle engine. 
There are two aiuall aiide valves driven by the counter sbafb, 
working the admission on encli side of the pinion. Tliroiigh 
them the charge of pure air i» also Hilmitted and expelled. 

Fig. 52 gives a side elevation, and Fig. 53 a plan of the Urilfin 
engine. Power is transmitted bv the I'lttinecttng-rod to the 
crank shaft K, and there are usually two flywheels. The 
counter shaft R is driven from the crank sh&ft by worm gearing 
D, in the ])roporlion of 3 to 1. It revolves, therefore, once for 
every three revohiltous of the crank shaft. The cylinder itself, 
closed at both ends, stands on a base or foot B, through which the 
air is drawn for t)ie motor and scavenger charges. The slide 
valves S S, driven by eccentrics from the counter shaft, contain 
thedistributingand ignition porta; the two exhaust valves E E, 
worked by cams, ccj, and levers, are on the opposite side of the 
cylinder to the slide valves. In Fig. 53 the gas is admitted 
through two valves, U and t/,, controlled by the graduated cock jt. 
The air enters at a a,. Fig. d2, from the b.ise B, and the tvro 
mingle at the admission valves m/iti- These valves are opened 
by cams on the counter shaft twice in one revolution, or every one 
and a-half revolution of the crank shaft; the gus valves dd^ open 
only once every revolution, or once for every three revotutiona 
of the crank shaft. Consequently every other time the valves 
m »(^ open, they adnnt only pure air to form the scavenger 
charge, and every other time they admit air mixed with gas 
&om the valves dd^ to form the explosive charge. The gas 
Admission vftlves are controlled by the governor 0, by means of a 
-cam with steps of varying width ; the quantity of gas admitted 
is first diminished, then totally cut otT, on one or both siden of 
the piston, according to the excess of speed. 

The charge of gas and air being thus admitted at either end 
of the cylinder, the slide valves 8 S^ worked by the eccentrics 
r r, lire alternately raised once in every revolution of the counter 
shaft, and the fresh mixture is made tu commuuicate through 
the passages sliowu in Fig, 52 with the pennanettt burners 66,. 
The charge is tboa fired, and the mixture explodes, driving the 
piston forward. The exhaust valves at E E,, Pig. 53, are worked 
as in the Otto, by cams, c c,, and levers jMisaing l^eneath the 
cylinder. These cams on the counter shaft R open the exhaust 
first at one end. then at the other of the cylinder, every half 

revoluiidii of (i ..i.iii i . .': '!' Tj are the oil cups lubricating 

both sides of ilii' ■■■..:■ I ■ beat and friction, generated by 
the doable acnui:. iip'rtant to liibrii-ate the engine 

etrefully, and il, .■■■ir>: 

n>rfmx INrruu _..... .,,... ,.| rlir (Iriflin are made, all six 

iii.il iii"iiir here described is the 
witli ijiLC cylinder, Where it 
piston, an engine may 
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be constructed of half the area of cylinder, and giving 
the same power at the same piston speed, as a single- 
acting motor. Professor Kennedy found, when experimenting 
on a GriBin engine, that, during a continuous run of 
six hours, the parts were not unduly heated. He was of 
opinion that s])ace and power might in this way be econo- 
mised, but for various reasons the type has not hitherto been 
generally adopted. 

In the twin-cylinder Griffin engine, used for electric lighting, 
where great regularity of working is required, there are two 
horizontal cylinders side by side, each single-acting, and having 
one motor stroke in six. The cranks of the pistons work in the 
same plane at ISO*", and an explosion is obtained every three 
revolutions from each cylinder, or for every one and a half 
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Fig. 54. — Griffin flngine— Indicator Diagram. 

revolutions of the crank shaft. The action is similar to that of 
the double-acting engine, except that the operations, instead of 
taking place in one cylinder, alternately, on either side of the 
piston, are carried out in the two cylinders, on one side only 
of the piston. The whole cycle of operations is gone through 
in each cylinder, and the charge is admitted, compressed, ignited, 
expanded, and driven out, and the scavenger charge of air 
introduced and exhausted. In the one cylinder the cycle is 
three strokes in advance of the other. The forward moi 
stroke of one piston corresponds with tlie expulsion of 
scavenger charge of air in the other, and admission i 
cylinder with exhaust in the other. 

The third type of this engine, for small powers, i^ 
vertical. It is single-actinsr, and Jience there is only 
plosion and one motor stroke for every three revolutic 
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crank, or one working stroke in six. Cooaideraltte speed is 
therefore necessary to give the power, and the engine runs at 
nbout 200 revolutions per minute. The general construction 



f types, 



ind the cycle of operatioDS a 

l>ut the parts ore not in Uiiplicate, and there is only ( 
admission and exhaust valve. This engine is made in sizes up 
to 6 H.P. nominal, but is little used except for very small 
|)Owers. It is handy and compact nnd runs quietly, but not 
■with the same regularity iis the douUe-acting engine. The 
scavenger charge of air tends to coiil the walla, and diminishes 
the amount of water required for the jacket, and there is less 
heat to counteract than in four-cycle engines. 

Three important trials have been made upon the Griffin 
engine, the tirat by Professor Jamieson, the second by Professor 
Kennedy, F.R.S., both at Kilmarnock, the third at the Society 
of Arts' trial competitions in 1S88, In Professor Kennedy's 
trial an engine was tested of 14-94 B.H.P. with 23 cubic feet 
of gas consumed per brake H.F. per hour. The indicator dia- 
gram of this trial is shown at Fig. 54. At the trials of the 
Society of Arts(ttiagram Fig. 55), 
the engine indicated 15-47 H.P., 
and the results wore not so 
favourable. The gus used 
amounted to 33 cubic feet per 
I.H.P. and 28 cubic feet per 
B.lf.P. per hour. Part of the 
inureaaed expenditure of gas was 
probably due to the rather 
smaller size of the engine. 
Most gas motors, other condi- 
tions being equal, vary in con- 
sumption of gas inversely in 
|>roportion to the H.P. de- 
veloped. It should be remembered that the heat.ing value of 
London, as compared with Scotch gas, is also much lower, and 
this affected the results. The Griffin engine at the Society of 
Arts' trial was especially commended for steadiness of speed and 
regulavity, 

Bissohop. — The Bisschop engine presents another example 
of a special type^gad cannot be classified under any of the regular 
divisions of giattf^lpn- Brought out for very sunll powers by 
Alexis de I^ij^^Hk; 1670-72, it can scarcely be called a modern 
■ngine, tho^^^^^^Uitl made. It appeared aliout four year* 
r the Od^^^^H&Ei't n<>ii-i^r>iii|iri"<sion atmospheric engine, 
■ -^^^^- ,. ,„ ,,,.,, i,l ,.],... noise and recoil of the 
;;i :ir. ■ other defects of that 

s.ii '\tyi'o- The charge 

rn, and the foruo 




114 



of the explosion drives up the piston, but it is attached 
■way to the crnnk. and does not ran free. The pri 



aspeciaJ 
re of the 
atmosphoie, and the energy stored up in the flywheel, then drive 
down the piston into the vacuum formed below by the cooliog 
of the gases. The action of the walls is here partly turned to 
good account, reduces the temperature of the exhaust gaaea, 
and helps to form the vacuum. In a certain sense the Bisschop, 
like other atmospheric engines, may be called double-acting, the 
force of the explosion being used on one side of the piston, and 
the pressure of the atmosphere on the other. With the excep- 
tion of a few small French motors, it is probably the only noD' 
compressing engine still in the market. Although originally 
brought out in Fi-ance, it has had more success in England, and 
is practically a British engine. It is said that about 2,0UO 
motors have been sold in this country. 

Like all non-compressing engines, the Bisschop is not very 
economical, and this may lie the rea.^on why it is no longer in 
favour on the Continent, where the high price of gas makes 
economy in agas engine of so much importance. Many cases ocenr, 
however, where simplicity and ease in starting and iu handling 
■re more necessary, and here the Bisschop, which is a most con- 
venient little motor, has been found of use for very small ]>owen). 
The English makers are Messrs. Andrew of Stockport. 

The engine has a vertical cylinder closed at both ends, and 
the piston-rod works in an upright hollow column. Above is a 
crosshead from which the connecting-rod, working direct through 
the crauk on to the motor shnll, hungs (amllel to the piston-rod 
during the up stroke. All these parts are close to the high 
column carrying the piston and rod, and this causes a -rood dckl 
of vibration, but the impulse from the piston t-o the crank ia 
direct. Explosion occurs inimediately after the piston has {Mssed 
over the lower dead jioint. The shock forces up the piston 
rapidly, the crank is carrit^ round through more than half a 
revolution, and the connecting- roil brought parallel with the 
piston-rod inside the column. Thus expansion is exceedingly 
rapid, and proportionally greati^r than admission. The dis- 
tribution of the gas and air, and the discharge of the exhaust 
gases, are effecleil by a trunk piston valve, diivf n from an eccen- 
tric on the crank shafl. Gas and air are first admitted through 
valves covered with thin rubber discs: the air vali-o is perforated 
with It^, and the gas valve with 3 hol<^s. admitting the chai^ 
in the pro|>oTti'>n of 6 parts of air to 1 of gaa The piston v^tc 
is then driven down, and bronght into lint« with tJie distributing 
chamber, and the corri»spouding admission port of the cylinder, j 

ning of the np stroke, to cool the products of couil-» 1 

The engine has no water jacket, the cylinder I 
mally with ribs, to cool the metal. Straup 
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only works without oiling, but the manuf.icturera expressly 
stipulate that ueither the piston nor the other parts shall be 
lubricated. A few drops of oil are applied occasionally to the 
crosahead aad the motor crank only. Ignition is obtained by an 
externa! flame. 

Fig. 56 gives a sectional elevation of the Bisschop engine, and 
Pig. 57 a section of the piston, valve. The parts are lettered 
alike in the two drawings ; the piston valve admits, distributes, 
and expels the charge. A is the motor cylinder and P the 




piston, c is the connecting-rod and C the crank, K the crank 
shaft. G 13 the crosshead, and r the piston-rod working in it. 
In Fig. 56 the piston is half way through the op-stroke. The 
eccentric « on the crank shaft drives the piston valve /) (Fig. 57) 
through lever I. The exhaust is seen at E; ft is the small open- 
ing about half way up the cylinder, covered by a flap valve ; an 
external flame burns behind it at it, and at o is a second auxiliary 
flame, to rekindle the other when blown out. Fig. 57 shows the 
air valve with the holes for regulating the supply, and the action 
of the piston valve }> ; the gas enters at i (Fig, 56). 

Method of Working. — Beginning with the piston in its 
lowest position, when the exhaust has just been cut off, the 
pressure in the cylinder being below atmosphere, gas and air t 



»ryl mix in t?.A dxsitrr.u^ir.s: rr.ari.' •r. Ti.«=- ei:c*Rtri«? drives do^ 
r.K^anzii:ar7 [.iuor., atA rjrir.^-. i's '.p-r.ir.j. /.«. opfositt* the 
^hftrriVj^r ftn^i tr,^ p. rt /' ir.r.o •.h«- ■;. .i:.ii-r. The charge enters 
• hil* th^r *-uf'T'j[j \toT*-fi 13 fi ir. tr.»- riywh'*:': taLrrirs the piston 
fftAt th*: low.T 'j'-»ri poir.t. Ih- op.* r.ii.L' a: is ii«rxt cncovei 
ih^: flap vfci-,#r hAr.airi:^ loos*- V**'for*: it 15 lifted by the v; 
th^ flarri<: *<t/ira'xr. in and the c}.arze fired. Exf-V-^iiin follows, 
and ih*: ^.r*''.'**r*- r>y-.*-.-, in.stantiy the admission ar.d ignition 
val -««•>., until the piston valve, rai.sed hy the ecu en trie, has shot 
oW th«: diAtriMi'iri:: chariiVjer. Th^- pis* on t!:es up with great 
v*-l^K:ity, ar.d n.or*- *:n':rfry is ;:enerated tl.an can Lo utilised in 
fh'r up Jit.ro k«v 7h'- r's^-rve force carries the flywheel through 
th*! r^rmaif.d' r of ita revolution, and drives the piston down. 
The exhuuy.t. v»lve Ih n^-xt of>*:ned, ;ind, durinir the greater part 
of the do'**n ntroke, the ;*ases of conihustion are driven out 
through the port uncovered by the )»iston valve, which is now 
in ifcH hij.di''Rt po:-.ition. "When tlj»- pressure in the cylinder is 
Urlow ;itnioH|»her«', Hud a vacuum has he^n formed, the suction 
lift 4 the rubber dis^K covering the gas and air admission valves, 
th«* 'Jiarj^e ent*'rs, Jind the cycl** is repeated. The exhaust down 
•stroke IH Hlowf-r than the up expansion stroke. 

The I'JKHchoj; f-u'/iji*- huA no governor ; the regulation of the 
MjH'ed JH ingeniously effected by two rubber bag.^. The larger 
one a/:tM as a r#'H«rvoir, and the gas passes from it into the smaller 
Iw^, whicli is Ko constructed that it receives and passes <in to the 
f!ylinder exactly mh much gas at a time, as is re<)uired to k«'epthe 
'engine at any given sj»fed. By checking the quantity of gas, 
Uie number of n- volutions can be varied. The arrangement of 
the ignition flume is also modified in different <'ngines. and the 
M'cond Hnme is frequently used to lieat the cylinder at starting. 

TrialH. — iSeveral experiments have been carried out on 
thn HJMchopp engine, all showing a relatively large con- 
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Fig. fiH. — Wwicliop Engine — Indicator Diagram. 

Hiimption of gnu. ToHts made at the Strx^kport Kx hi bit ion and ^^k 
olHOwhere gavfl n moan of IIJO cubir feet <>f giis per H.P. per hour. ^^^ 
An oxjioriment by Meidinger on n larirer engin** '^ a con- 

Humption of 74 cubic feet of gas ])er I.II.V. per b qfine 

Hliould not, liowover, be judged only by its e^ is. 
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Ifeither water Dor oil Hre required for the cylinder, and the motor 
ia often used to replace manual labour. Its advantages disappear 
when the engine is made for larger powers, although the consump- 
tion of gas is proportionately diminished. In England, where it 
is most employed, it is seldom constructed for more than 1 H.P. 
Fig. 68 shows a diagram of a 1 mau'power Btsschop engine. 

Stockport. — The Stockport engine, made by the same firm tut 
the Bischopp, Messrs. Andrew & Co., of Stockport, is a four- 
cycle single-acting motor, in which compression takes place 
in an auxiliary pump, and an explosion every revolution 
is obtained. This division of the cycle of operations between 
two cylindfira adds to the size and cost of a 




Pi^. StP.^Thc Stockport Engine, latest ty 



s ateailineas of running. In this respect the Stockport 
reaiimblea the Clerk, oa distinguished from tho Otto type, and 
in several working details it ia aimiUr to the Tangye, described 

3 three types of this engine. In the first, introduced 

1-0 horizontal cylinders, motor and pump, iire placed 

«ite L-ach other, on the same axis, upon a base through which 

-asfd cliiirge ia conveyed from one to tho other. Each 

« a, trunk piston, the main crank ahaft is placed between them, 

•■■he two iiig-rods work on to it. Formerly the motor 

't» ves. On the pump was a vertical valve for 

and paasing it on after compression to the 
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motor cylinder, at the back of wLicli was a horizontal slide valve, 
carrying the ignition flame in a hollow cavity. The latter valve 
has now been abolished, and all the Stockport engines ai'e fired 
by hot tube iguition. There' ia no exhaust valve. The two 
pistons move alternately in and out, the forward stroke of the 
pump piston drawing the charge through the adniisBion slide 
valve, while the con'esponding back stroke of the motor piston 
uncovers the exhaust port, and drives out the products of com- 
bustion. The following back stroke of the pump piston is 
Bimultaneous with the forward expansion stroke of the motor, 
and by it the charge is compressed, through the same slide valve, 
into It hollow chamber in the base-plat«. At the conclusion of 
this stroke, when the pump piston has reached its inner dead 
point, the pressure opens a. valve into the working cylinder at 
the moment when, the motor piaton having passed its outer dead 
point, the exhaust port is uncovered. The high pressure of the 
incoming charge helps to drive out the gases of combustion, but 
it is difficult to avoid the escape, with them, of a certain 
quantity of the fresh unburnt charge. The return stroke of the 
motor piston closes the exhaust port immediately after, and 
further compresses the charge, together with the products of 
combustion left in the cylinder, after the rapid closing of the 
exhaust. Ignition foOows, the timing valve of the hot tube 
being lifted hy the (iressure of the charge, and the cycle recom- 
; admission and compression take place in the 
while expansion and discharge of the products of com- 
in the motor cylinder, the piston of 
mpression of the charge at the end of 



bastion are carried i 
which completes the 
the back stroke. 
With the exceptio 



a of the additional pump, the parts of this 
engine are lew aud simple. Tlie one vertical slide valve for 
admission and distribution of the charge ia driven from an 
eccentric on tlie crank siiaft. The mixture is admitted and 
compressed in the comparatively coo! pump, and is, therefore, 
not heated by contact with the walls of the explosion cylinder. 
The slide valve also is more durable, because it is not exposed 
to great heat. Construction is further sioiplified hy the absence 
of an exhaust valve. This is considered by the makers an 
advantage, as these valves are apt to become clogged with 
carbon, hut it is probably in part counterTialanced by the waste 
due to the almost simultaneous admission of the fresh, and 
driving out of the former charge. The exhaust ports in the 
Stockport are disposed with great care. In all gna engines they 
should have an outlet as direct as possible into the air, and not 
pass into drains or chimneys, and all sharp bends should be 
avoided. It ia wise to make provision for cleaning out these 
ports and pipes, and most makers have now introduced some 
special apparatus to diminish the noise of the exhaust. 
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The hot tuUe ignition is another feature of the Stoclcport 
eiigine, Foroierly tbese tubes were always made of cast iron, 
and lasted only about thirty hours. Under ordinary conditiona, 
they are rapidly burnt out by the great heat to which they are 
subjected, and the quick variations of temperature produce great 
changes and deterioration in the nietal. The fresh compressed 
charge entering the tube at each stroke is always at a high 
temperature, while the Tesiduum of exhaust gases left in it during 
the out stroke is relatively cooler, and, through these alteruationa 
of heat, the tube is speedily burnt away. In the Atkinson and 
other engines a high chimney is placed round the tube, to protect 
it from currents of air. Messn;. Andrew have introduced a special 
composition, made of an alloy of silver, &c., and they maintain 
that it does not fuse or cake, and lasts for several months, if the 
tube be protected by a chimney. Ignition tubes have the advan- 
tage of being easily removed and changed when worn out, and 
are almost universally used in England. They are simple and 
regular in action, but their temperature is lower than that nf the 
electric spark, and ignition is more difficult, especially if the 
mixture ia highly diluted. For this and other reasons, the charge 
ia generally fired by electricity in France, where hot tube ignition 
is seldom employed. 

The three types of the Stockport engine all exhibit, under 
JiSerent forma, the same principle of compression of the charge 
in a separate cylinder. In the second, or double-acting type, 
fre<)tiently made for larger powers, there are two motor And two 
pump cylinders. The two horizontal motor pistons work on to the 
single crank placed between them. The smaller pumps are im- 
mediately below, and cast in one piece with the motor cylinders, 
and work on to a second smaller crank on the main shaft, 
revolving slightly in advance of the first crank. An impulse ia 
obtained at every half revolution, and the engine runs with 
great stendinpss. If less power be required for a time, one pair 
of cylinders (motor and pump) on one side can be uncoupled, 
and the engine worked single-acting with the other pair only. 
The governor ia sensitive, and tlie aupply of gas ia wholly cut 
off, as soon as the speed exceeds the ordinary limita. For Urge 
powers this engine is sometimes made with four motor and 
pump cylinders, each giving an impulse every revolution. 

The thii-d typo of the Stockport engiaA is constructed for very 
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place simultaneously. During the down stroke tlie charge is 
drawn into t)ic iij>per irart, where, the urea of the cylinder being 
Mmnllcr, the ratio of admission ol the charge is proportionally 
reduced. The next up Btroke coinpresaea the misture on the 
Upper side of the piston, driving it into nn annular epitce, from 
wbeiioe it piiHses into the tower part of the cylinder. The 
following down stroke, after discharging the exiiaust gases, com- 
pletes the compression of the charge on the lower side of the 
piston. Here ignition by the hot tube and expansion take 
placo, and the volume of the cylinder being larger, expansion 
18 greater in proportion to adraiaaion. This little engine is 
simple in construction. It has no slide valve; the governor is 
nf the weight type vibrating round a spindle, easily adjusted l>y 
ft screw to suit any speed. 

Aa soon as the Otto patent expired, the Stockport firm, among 
others, adopted the Otto type without a pump for one class i>t* 
ungine, using their own valves and ])atent ignition tube, nn 
shown in Fig. 59, p. 117. 



CHAPTER X. 
OTHER BRITISH GAS ENGINES. 

CoNTKNTs.— Electric Lighting — Tangye — l-'awcett — AcmS — Fielding - 
Forward — Midland — Eiprcs» — Dougill — Treat— Shipley— Trnaty — 
N»tinn«l— PaUtine — Robey— Day— Cunpltell. 

Two circuui stances have chiefly contrihutpd to the great develop- 
ment of gas engines within the last few years in England. The 
first is the extensive and increasing application of electricity to 
lighting, and the demand which has arisen for gas engines to drive 
the dynamos in country mansions, &c., as more suitable and eco- 
nomical than steam. No cost is incurred with gns engines when 
not running. As it is seldom necessary to furnish the power for 
electric lights for more than a few hours at a time, a gaa motor, 
easily started and stopped, is better than a steam engine and 
boiler, where the fire must he lighted to get up steam. The 
economy of gas engines for electric installations is also marked. 
even where town gas is used to drive the engines. It has been 
found, and attention whs first drawn to the fact by Sir W. 
Siemens, that coal gas gives much more light when furnishing 
power electrically through a gaa engine and dynamo, than when 
the same quantity of gas is burnt in the ordinary way. At 
Dessau in Germany, an electric light installation has been 
driven by engines worked with town gas since 1886. There arc 
now ftt this town one engine of 60 B.H.P.,audone of 120 B.H.P., 
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the latter ia coupled direct to its dynamo. This ari'ani^eiiicnt is 
found to conduce, not only to incre.aafd power, there lieing less 
loss in transmission, hut to econoniy of space, when an electric 
installation is required in the centre of a town. The larger gas 
engine showed a consumption of 39 cubic feet of town gas per 
kilowatt, but it is hoped with a better engine that the con- 
sumption will be reduced to 30 cubic feet of gas per kilowatt, 
and 17 cubic feet per B.H.P. pei- hour. Where gas generators 
are used supplying Dowsou gas to the engines, the eomomy 
is much greater, the fuel to generate the gas costing about 
half that required in a steam engine and boiler, to give the 
Bome power. At Schwabiug, near Munich, electricity for 
lighting the town is obtained from an Otto 41} B.H.P. engine, 
worked witL Dowsun gas, made from German anthracite coal. 
The consumption of fuel is lo4 lbs. per B.H.P. per hour, and 
3'3 lbs. per kilowatt per hour. At llorecambe, where three 
Stockport engines, each of IG H.P. nominal, are employed to 
drive the electric light installation, the cost, when town gas 
was used, was about l^d. per kilowatt; with Dowson gas it is 
Jd. per kilowatt.* 

Another reason why gas engines have become more popular in 
England is the expiration of the Otto patent, which has given sn 
additional impetus to their manufacture. Hitherto the four- 
cycle has been found the best and simplest type of engine, 
working practically with as much economy as others of more 
elaborate construction. To avoid infringing the patent, makers 
had recourse to various devices to alter the working method. 
most of which were abandoned lus soon as the Otto engine 
became public property. At the same time, the sudden and 
universal competiiion reduced the price of gas engines, and 
increased their sale. Some makers had long been prepared, as 
soon as the patent expired, to bring out engines using the 
Beau de Eochas cycle. 

Tangye. — Among the foremost were Me-ssrs. Tam^ye, of 
Birmingham, who ceased to construct the engine described at 
p. 68 (Robsoa's patent), and since June, I&91, make engines 
otJyon the Otto principle, with Pinkney'a improvements. Next 
to Messrs. Orossley, they at present build some of the largest 
sized engines in England. Their single- cylinder engines range 
from ^ to 146 B.H.P., and two cvlinder engines from 86 to 
292 B.H.P. with town gas (340 l.H.P.) The principal im- 
provements introduced are in the combustion chamber, which 
IB carefully constructed to prevent shuck, and render the engine 
suitable for driving a dynamo direct, and also to ensure steady 
and coro])lete combustion of the charge, during the whole of the 
motor stroke. The pressure, as shown by the indicator diagrams, 

* These fiznrcB uve taken from Mr. Dowaon'a Paper on "Gas Power for 
^ectrio Lighting," Proe. Iiut. OioU Eng»„ vol, cxi., 1892-93. 
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is not so high in the Tangye aa in the Otto engine, but it is 
better maintained, and eKpansion is more complete. Messrs. 
Tangye also supply a jiressure starter to engines above 16 H.F. 
nominal, which is said to be able to start even large twin-cylinder 
engines. A very sensitive governor is also used, and conduces 
to steadiness in running. A 13 I.H.P. Tangye engine was ex- 
hibited at the Royal Agricultural Show at Poncaster in 1891. 
It was fitted with an inertia governor, conaifitiug of a. weight 
carried round on a coil spring, which opens ov misses the gas 
admission valve, according to the speed of the engine. Under 
normal conditions, the weight fits at each revolution into a groove 
on one arm of a lever moving at half the speed of the crank 
shaft, the other arm of which opens the gas admission valve. 
But if the speed be increased, the inertia of the weight causes it 
to be left behind, and to overrun the groove, and the gas adraiBsioti 
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According to the makers, the consumption of town gas in 
these engines varies from 16 cubic feet per I.H.P, per hour in the 
large, to 25 cubic feet per I.H.P. per hour in the smallest sizes, 
but these figures have not yet been confirmed by independent 
test^. The engines run from 1(30 to 200 revolutions per minute. 
Fig. 59a shows a view of a coupled twin-cylinder Tangye engine 
of 200 I.H.P. 

Fawoett. — The Fawcett engine, made by Fawcett, Preston 
& Co., Liverpool, resembles the Clerk in principle, having 
two cylinders, motor and pump, but difllsrs from it in a 
few important particulars. It is constructed from the designs 
of Mr. Beechey, who has taken out several patents. In the 
earliest, No. 4270, dated October 20, 1880, there are two 
cylinders and two pistons for the motor (expansion) and com- 
pression strokes. In a later patent, Alarch 18, 1S82, the cycle 
is accomplished in one cylinder. The engine patented June 30, 
1890, has achieved considerable success. It consists of a hori- 
zontal motor cylinder, a compression pump below it, working at 
a different angle on to the crank shaft, and an equilibrating 
horizontal piston valve at the side of the mutor cylinder, driven 
by an eccentric from the crank shaft. This equilibrating piston 
valve acts in the same way as a slide valve, and the makers 
Assert that it is simple and well balanced, and that the pressure 
during explosion and compression is equally exerted over its 
whole surface. It consists of two piston valves, joined by a 
short rod, and working in a casing, which communicate with the 
motor and pump cylinders, and with the ignition tube. In most 
engines they are surrounded with a water jacket, as shown in 
Fig. 61. The opening between the pistons forms the channel of 
communication, und is brought successively to face ports in the 
two clyinders, and the ignition tube. The construction and 
working of this valve have been patented. 
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Figi. 60 and 61 show a sectional elevation of this engine, &&d 
a plan of tlie valven. A is the motor cylicder with piston P, 
B the jiump with piitton D, R the conibastion chamber at the 
back of the motor cylinder, K the pipe connecting the two cjlio- 
ders. At E is the exhaust opened by levers T, Jnal before the 
moior piston completes its expansion strokes The piston D of 
the pump being set slightly in advance of the motor, begins the 
out stroke a little before it, and at the saroo moment the i-«lve 




Fig bl — Fftwcelt— Val' 



piston V also iiiovfr out. Air enters at F, and gas at G, nnd 
mingle at e. The forwiird movement of the valve piston and 
the oiitstrokt' of 1), next draw the chnrge through the ports 
HH, the pi]ie C, and the channel K (Fig. 60) into the pump 
E. On the return stroke of D and the valvo piston, ihe com- 
pressed gases are forced back through K and tlie same ports 
into the channel formed by the rod between the two valves. 
From hence they pass through passage L into U, at the 
back of the moior cylinder, while P is completing its out 
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stroke. The eihaust is now opened by levers T, the motor 
piston beginning tlie return stroke, drives out the gase^i of com- 
bustion, anil the compressed charge entering from tlie pump 
through the pistoa valve, assists to expel them. The return 
movement of P closes the exhaust. Communication between 
the two cylinders is kept open by the vulve, while the wr 
and gaa admission are held closed, and both ])istons compreSB 
the charge into the combustion chamber R. The pump piston 
Goinplet«s the in stroke first, and the ports of communication 
between the two cylinders are closed by the movement of the 
TaJve, While the motor still further compresses the charge, 
the pump and valve pistons begin their out stroke, and the 
passage in the valve is brought to face the cylinder port L and 
the ignition tube I. The gases are ignited, and drive out the 
motor jiiston, doing useful work. A Iresb charge has already 
been admitted behind D, through the ports of the valve, and 
the cycle recommences. 

E!t|)eritnents were carried out at Liverpool on a 6 H,P. nomt- 
n»l Fawcett engine by Mr. T. L. Miller, in February, 1890. 
The heating value of Liverpool gas was found to be rather 
high. The number of revolutions was ISO'S jwr minute, the 
engine indicated 11-40 H.P., and 8-52 B.H.P. The mean con- 
sumption of gas was 18'4 cubic feet per I.H.P. per hour, and 
2474 cubic feet per B.H.P. per hour, excluding the gas used to 
heat the ignition tube. The mechanical efficiency was rather 
low, vIe., 74 per cent. See Table of Trials, p. 402. 

Aomfi. — The AcmiS engine, pat«nted by Messrs. Alexander, 
Bart 4 Co , of Glasgow, who were formerly makers of the Ajax, 
flhows a novel attempt to solve the problem, how to increase 
expansion of the explosive gases in proportion to admission and 
compression. In this engine there are two hortzontsl cylinders, 
two pistons, and two crank shafts connected by spur wheels in 
the proportion of two to one. The cylinders are alongside each 
other, and the one is shorter and smaller than the other. While 
the piston of the larger cylinder makes one stroke, the piston of 
the smaller makes two, one crank and shaft run, therefore, at 
half as many revolutions as the other. The cylinder volumes 
and lengths of stroke also difl'er, and the cranks being at ditTerent 
angles, the pistous do not work together. When the first or 
larger piston has completed the in. or the out stroke, the snialler 
second piston is about 45° behind. The expansion obtained by 
using two cylinders and pistons is said to be so complete that 
the gases, when discharged, are comparatively cool, snd the 
exhaust noiseless. The cycle of operations is divided between 
the two cylinders. Hot tube ignition without a timing valve, 

"J discharge of the gases of combustion, both take place in the 
Uer cylinder, the piston of which uncovers these openings 
•* the beginning and end of its out stroke. The firing of the 



charge and the exhaust are timed to occur when the first piaton 
ia Rt positions correspoaditig to the inner and outer detid points. 
Id other respects the engine presents no new features. There 
are two flywheels, one automatic lift valve admits the gas and 
air, and the rod opening it is connected to a pendulum weight 
governor. An Acm^ engine was shown at the Crystal Palace 
Electrical Exhibition (1692), and was somewhat noisy in action. 

Beginning witli the exhaust in both cylinders, the following is 
the cycle of operations. The first piston being at its inner dead 
point, the Grst cylinder is completely cleared of the products of 
the former charge, wliich are passing out through the exhanst 
port in the second cylinder. Sleanwliile the second piston has 
begun its return stroke, and discharged the unburnt gases 
through the exhaust porta uncovered during the out stroke. 
As soon as the first piston is completely in, the second 
piston returning, and the volume in both cylinders proi)ortion- 
ally reduced, admission commences. The fii-st piston draws in a 
fresh charge, which is at the same time compressed hy the slower 
in stroke of the second piston, as it passes the dead point. When 
the first piston is fully, and tbe second partly out, admission is 
complete. The first piston then moves in, compressing the 
charge; tlie second piston also compresses till the ignition port 
is reached, and explosion follows. At the moment when the 
charge is fired, the gases are comj>ressed into little more than 
the clearance aj>aces. The explosion drives out both pistons, the 
first to its farthest limit, the second through part of its stroke, 
till it reaches and uncovers the exhaust ports. Thus the largest 
volume in both cylinders is utilised for Lhe expansion stroke. 
The tirst piston makes the in stroke, the second completes the 
out stroke and returns in, covering the exhaust port, and the 
cycle is repeated. 

Several sizes of the Acme engine were tested, both with full 
load on and running liglit, by Professor W. T. Rowdeu, of Ander- 
son's College, Olas^jow. In 1888 and 1889 he experimented 
tipon engines of 2 H.P. nominal, running at 170 revolutions per 
minute. In the first engine theB.H.P. was 31C and the con- 
sumption of giia 2ii cubic feet perB.H.P. per hour. In the 
later and improved en^ne, a trial made with full power gave 
3'14 B.H.P., and a corresponding consumption of 18'I cubic feet 
of gas per hour. Professor Rowden made experiments in 
December, 1890, on a larger engine of 6 H.P. nominal, where 
tlie B.H.P. was 8-28, and gas consumption 17-.t cubic feet per 
B.H.P. per hour. In a further trial of the same engine the 
B.H.P. was I'S, and the gas consumptiun as low as 16'83 cubic 
feet per B.H.P. per hour. These trials compare fiivourably with 
the standard gas engine trials of the Society of Arts, and the 
value of the results is enhanced hy the fact that the engines 
e not especially adapted to the pur^msea of tbe trial, 
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but ran under ordinary working conditions. Allowance must be 
made for the richer (jualitv of Glnsgow aa compared with London 
j^ ; 9 cubic feet of the first is computed to give thft same heat- 
ing power as 10 cubic feet of the second. 

Fielding. — The FieUling enpine, made by Messrs. Fielding 
and Piatt, of Gloucester, is constnictpd on the principles of the 
Otto, and has the same cycle ; the slide valve gear is abolished, 
and the purts are simple. There is hot tube ignition, but no 
timing valve. A timing valve is constructed to open the port 
le-adjug to the hot ignition tube, at the exact moment when &a 
explosion is required. Punctual ignition is a necessary feature 
of all gas engine cycles. Somi* inventors, however, hare 6UO- 
opodcd in dispensing with the timing valve, and they maintUQ 
thitt, by varying the length of the ignition tube, and the 
distance from the red-hot metal to the motor cylinder, accurate 
ignition can he obtained. The gnses do not reach this heated 
putt of the tube until the end of the in sti-oke, wh<>n compression 
is (greatest. Ignition at the dead point has been one of the mftin 
features of the gas engine theory since the time of Bean de 
itochas, and it may be doubted whether it is really so easily 
obtained as thpse inventors assert. The practice of dispensing 
with the timing valve is sanctioned by no less an authority 
th»iL Mr. Atkinson. 

In the Fielding and Piatt engine the organs of distribution 
and exhnust, and the oiling apparatus, are driven, as in the Utto, 
from a side shaft worked by worm gear from the main shaft. 
The valves are opened by cams. Another cam actuates the 
governor, which is simply a small dash pot, with & piston 
connected to a. lever opening the gas valve. If the speed be too 
great, the dash pot cannot overtake the motion of the engine^ 
and is left behind ; it drags back the piston, raises the lever, ftnd 
the gas valve remains closed. Severn! large sizes of this engine 
were exhibited at the lioyal Agricultural Society's show at 
Doncftster in 1891, when it was brought to public notice for tb« 
tirst time. The makers claim a gas consumption of 17 to 29 
cubic I'eet per I.H.P. per hour, according to thi' size of th« 



nd quality of gas used. A small vertical 1 H.P. type, 
resembling the Otto domestic motor, has been introduced oy 






this firm for household n 

A well designed horizontal type of motor indicating 100 H.P. 
has also lately been brought out. There is one "mitre-seated 
valve" for admitting the charge, and expelling the burnt products. 
A [liston valve, driven by an eccentric on the crank shaft, opens 
communication betwepn the inlet and exhaust cylinder porta 
and this valve, the rod of which is worked by a cam. Ignition 
is by hot tube, and there is in this engine a timing valve, acted 
on by the same eccentric as the piston valve. All these organs 
are contained in a valve client at the side of the motor cylinder. 
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This eDgioe is also provided with a special starting gear, 
conaistint; of a reservoir, into wliicli air is compressed by the 
action of the piston. To stnrt the engine the cylinder is first 
tilled with gas. and the supply cocks being closed, the compressed 
uir is then nllowed to onter. This method is said to be powerful 
enough to stiirt an engine with partial load on. The engine hoa 
a ball governor, tind runs at 160 revolutions per minute. It is 
illustrated in Engineering, January 27, 1893. 

Forward. — The Forward gas engine, made by Messrs, 
Barker i Co., of Birmingham, in sizes from J H.P. to 50 H.P. ia 
really a "simplified <Jtto." The Beau de Kochas cycle is used, 
but several improvements are added. There is no admission 
slide valve, and ignition is by n hot tube, as in most modem 
English gas engineH. The chief novelly is the device used to 
obtain punctual ignition of the charge, without a timing valve. 
The opening of the ignition tube ia covered by a rotating disc, 
with "hit and niias" slots; the surlace of the disc is divided into 
radiating sections, alternately pierced and solid, which, as the 
disc revolves, are brought auccesaively across the ignition port. 
According to the section of the disc lacing it, the ignition |iort 
communicates with, or is shut off from, the cylinder. This 
arrangement is found in several foreign engines, and is not 
altogether new. In some of the Forward engines a ball governor, 
in others a momentum governor, is used. The governing pear is 
arranged to regulate the speed of the engine in three different 
ways. It controls the admission of the charge of gas and air into 
the combustion chamber, and at the same time the rotatory 
motion of the disc. Unless there is a charge in the chamber, the 
disc cannot open the ignition port, nor can the charge pass into 
the chamber, unless an open slot faces the ignition port. Lastly, 
the governor acts upon the supply of gas, and cuts it off altogether, 
should the speed increase greatly beyond the normal limits. The 
same cylinder port serves for the admission of the charge and th« 
exhaust. By this arrangement the port is said to be kept cool, 
and the waste of mixed gases prevented. The rotating disc ia 
found far less liable to lieooroe beated than a slide valve. 

Careful teats have been made on the Forward engine by 
Professor Robert Smith, of Mason College, Birminghiini, and by 
Mr, Holroyd-ymith- Both these experts have reported favour- 
ably, pronouncing it a good engine, with all the advantages and 
few of the defects of the Otto. During trials of several hours' 
duration, the engine ran very steadily, and was found to work 
well, even under the severe test of counting the number of 
revolutions every ten seconds, instead of every minute, and 
varying the weight on the brake as mpidly as possible. The real 
test of regular working in an engine ia absence of lluctuations in 
the speed, when the load is suddenly put on or taken off, as in 
'■■'■"■' ' 1 test made by Professor R, Smith 
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with full workiiiK load, the speed was ir6'86 revolutions per 
minute, Bill! tlie explusioiiH 59 or 1 for every 3 revolutions. In 
another at hrilf IttaJ the number of revolutions was 177, with 
57*8 ex |jlosi()ii8 per niinute, or 3-0(i revolutions i>er explositm. 
The coiLBUiiiiitioii of gas per I.H.P. per hour was ulightly lesa 
than in the Oltu engine. In the first iriul it was 20'79 cubic 
feet of Binninghauj gan per I.H.P. jier hour, and 2397 per B.H.P. 
per hour. Nearly all the tests uiade under ordinary working 
conditions give a little over 2U cubic feet of gas \>er I.H.P, per 
hour, or aljout the Mime as the Otto. The mechanical efficiency 
of the engine was 86 per cent., and it was timed to run up to 
310 revolutions per Tninute. See Table of TriaJa, p. 402. 

Of tiie numerous gas motors lately brought out in England, 
many arc made almost cxcluaively for small powers. These little 
engines do not vary much in type; their maiji recommendation 
is not BO much economy of gas, but lightness and simplicity, 
and the rase with which they are started and worked. In many 
iniltistritti operations, the use of small gas motors often makes 
tho dilfcrenoe between a prolit or a loas to the employer, parti- 
cularly wiUi the (Itttiuulties of modern labour. 

Kldland. — It is n peculiarity of the Midland engine, manu- 
factured by Messrs. John Taylor of Nottingham, that, although 
«speciatly intended for sninll powers and domestic purposes, it 
hiui two cylinders, motor and pump. Both are single acting, 
fixed on the aumu frame, and occupy little more space thim 
tho single cylinder of the ordinarj- type, and all the other 
{>art« are simple, The smaller sizes are vertical, the larger 
engines up to 9 H.P, are horizontal, and adapted for driving 
with DowBon gaa In the vertical engines the two cylinders 
am placed side by side, and the pistons work on the same 
main shaft, by means of two connecting-rods and two cranks. 
In the pump the charge is admitted and compressed, in the 
motor it is exploded, expanded, and dischai^ed, and thus aa 
explosion every revolution is obtained. As the crank of the 
motor piston is set at a different aagle to that of the pumgi, 
oumpression is ended, and the cbai^ begins to ent«r. and to 
drive out before it tlie proilucts of combustion in the working 
eyliniler, before the motor piston has quite completed the down 
stroke. There are no slide valves, cams or cog wheels, and 
Qu eounler shaft is necessary, as (here is an explosioa every 
revolution. The admisaion valves are driven by a single ec- 
«mttne utd nx) on the crank shaft, and opened unce in every 
i«v<riiitiaa, and the gas valve is acted upon by a centrifugai 
pmmor. and hfted or closed according to the speeil. IgniUoD 
IB by « bot tahe hckted by a Bunsen burner, and ti""^ is ju 
" ' v)ttT«; tH» tsBcth of the tube diteruiii 
of ^nitioD. ^w vfftt v 
The wifcamd g tata a 
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the tube by the down stroke of the compressing piston, and 
ignite only when tho masimuni pressure ia reached, and thej 
are forced into the upper part. There ia no exhaust valve ; the 
gases are discharged silently through a chamber in the base. 
The gaa consumption ia small, and the engine requires little 
lubrication or attention, because the parts are few and simple. 
Owing to the two cylinders and the explosions obtAtned every 
revolution, it is aaid to give more power for the same expen- 
diture of gas than any other of equal size. A later single- 
cylinder horizontal type has been introduced, in which the 
admission of tho charge is effected by a. rod and lever, and a 
small crank worked from the main shaft by worm gearing. The 
exhaust is driven by an eccentric on the same shaft. The 
supply of gas is rogul»ted by a patent gas bag, and is controlled 
by au inertia governor. A drawing is given in 7Vie Eitffineering 
Jteuieio, August 5, 1891. 

Express. ^The Express, made by Messrs. Furnival & Oo., of 
Reddish, near Stockport, is another single cylinder gas engine 
which has appeared since the expiration of the Otto (latent. In 
design, construction, and cycle of operdtions, it closely resembles 
that engine. Admission is by ordinary lifl valves, and hot tulie 
ignition is used. The side shaft is driven in the usual way by 
worm gear from the main shaft, and a ceutrifugal governor act^ 
«u the gus valve. The engine is made in sizes up to about 9 H.F. 

Dougill. — The Dougill is a single-cylinder horizontal engine, 
■using the four-cycle, and made hy Messrs. UJiidle & Norton, of 
Oldham, in sizes up to 5 H.P. Ttie larger sizes only have a 
Wiiter jacket; in the smaller, the outer surface of the cylinder is 
provided with ribs, to carry off the heat. The engine is simple 
and has no slide or ignition timing valve ; admission is through 
mushroom seated valves, worked by cams and levers from the 
crank shafb. Two novelties are described in the specilication. 
The inventor claims so to lime the lifting of the gas and air ad- 
mission valves, that air only is admitted at the beginning and 
«nd, and gas and air in proper proportions during the middle of 
the admission stroke. According to Mr. Dougill's theory, the 
residuum of unburnt gasna already in the cylinder combines 
with the air, and forms a cool, non-combustible " envelope" round 
the rich charge. He endeavours to add to this effect, and to 
increase the force of the explosion, by injecting the gas through 
a small pipe into the centre of the cylinder. He maintains that 
only the inflammable charge in the middle ignites, the sur- 
rounding gases do not burn, but take up the heat of explosion 
in expansion, and help to drive the piston forward, doing useful 
''. Thus the greater part of the heat is said to be utilised, 
of being carried off by the water jacket. It is doubtful 
' ■> gases are really stratified, and preserve the position 
> inventor. The ignition tube is at the side of 
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the cylinder, ftnd the upper portion &]one is at a red heat. A 
amall aide chamber, the size of which is determined by a movable 
ping, regulates the pressnre of the gases. This chamber is the 
second novel feature in the engine. The mouth of the hot tube 
is always open, but the final pressare at the end of the return 
stroke is reqnired, to drive the gHses into the glowing upper 
portion. Gas from the pipe is admitted to the tube at a lower 
pressure when starting the engine. 

Trent. — In the Trent horizontal engine, made by tbe Company 
of that name at Nuttingham, the cycle of operations difiera from 
the Otto in several respects. An impulse is obtained at every 
revolution by means of a differential piston, seveml Tarieties of 
which have been already described. The use of this compound 
piston always renders an auxiliary chamber necessary, which in 
this motor serves for ex)>losion as well as compression. There 
is no slide valve, and the valves are of the ordinary lift type. 
Although externally not differing from other gas engines, the 
motor is really compound, and consists of two cj'linders tandem, 
both water jacketed. There are two pistons of slightly differ- 
ent diameters ; both work on to the same connecting-rod and 
crook. When fully in, tiie pistons fit the cylinders exactly, but 
as they move out an annular space is uncovered in the lHT|;er 
cylinder, as the smaller piston pusses before it. Into this 
annular space the charge is first drawn. The valve admitting 
tbe gas and air, worked from an eccentric on the main shaft, is 
raised as the pistons are driven forward ]iy the force of the 
explosion. The return stroke closes the admission valve, and 
compresses the gas and air through another valve into the 
explosion chamber at the side of the smaller cylinder, in which 
is the hot ignition tube. Tbe compressed charge drives out 
gases left from the previous combustion through the exhtiust 
lifl valve, which is worked by cams from a side shaft in the 
usual way. The ignition tube is at the mouth of the explo- 
sion chamber, at the crank end of the cylinders, anil as soon 
as the exhaust gases have been driven out, and the pressure 
of the charge is at its maximum, a small valve opening into 
the tube is raised. The charge is fired, fills the explosion 
chamber, and enters the motor cylinder at the liaclr of the 
smaller piston. Both pistons are driven out, a fresh chnrge is 
drawn into the anuuliir space, and again compressed into the 
explosion chamber. 

Jn this engine ignition is effected at constant pressure, instead 
of at constant volume. Tbe motor piston moves out gnulually 
under the steady pressure of the tlume, instead of rcmnining 
practically stationarv while an explosion takt's place behind ''' 
and drives it out. 'This is the cycle used in the Simon en- 
and a few others, and is much recommended by many authc 
The explosion occurs in a separate chamber, apart from tbe 
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affected by the 
) exhaust gaaes Is 



ojlinder, and the pistoQ ia, therefore 
beat, aii^ wears butter. The discharge of the 
also carried out in this chamber, aud onlyadniiBS 
of tlie charge take place in the compound motor cylinder. All 
the organs of admission, distribution, and i;;nilion are at the 
crank, instead of at the further end of the cylinder. A centri- 
fugal governor acts on the gas admission valve, and is very 
Beositive. In eogines having an impulse at every revolution, 
lower pressures and lower speeds can be used than where a 
motor impulse ia only given every two strokes, and a corre- 
BpouUing diminution in wear and in friction is obtained. The 
Trent engine is said to be very easily started. The consumption 
of gas is also low. Tests made of a nominal 4 H.P, engine, 
indicating \0-2 H.P., gave a consumption of less than 18 cubic 
feet per I. H.P. per hour. For a small power engine, these results 
are noteworthy. See drawings in Engiiieerinif, June 2G, 1891. 

Robaon's Shipley. — Mr. John Ilobson, of Shipley, makes a 
small single-cylinder type termed the " Nonpareil " or Shipley, 
constructed on the same principles, and using the same cycle aa 
the Otto. Ordinary lift valves and hot tube ignition are em- 
plojred, and the engines are made horizontal for larger, vertical 
for smaller powers. The gas, admission, and exhaust valves are 
worked by cams on the side shaft, geared to the main shaft in 
the usual proportion, and there is no timing valve. No special 
feature in this engine requires description. 

Trusty, Premier. —The "Trusty" horizonta! engine, by Wey- 
man it Co , of Guildford, and the " Premier," made vertical and 
horizontal by Messrs. Wells, of Sandiacre, near Nottiugham, are 
both single cylinder engines, using the fonr-cycle, like the Shipley, 
and having an explosion every two revolutions. The valves of 
the Trusty are worked by a side shaft gearing into the crank 
shaft ; the Premier is driven in the same manner. Both engines 
have hot ignition tubes without a tintiug valve, and run at 160 
to IBO revolutions ppr minute. An inertia governor is employed 
in the Welts engine. It consists of a bar with a weight at one 
end, and a notched jaw at the other, attached to tlie lever open- 
ing tiie gH vftlve. Above the bar is a disc rotating at the same 
* " K^VgUie- Bach time the disc completes a circuit, a. 
' )n jilt round to the jaw, and entering it, puahea 
' nprns the gas valve. But if the disc rotitte at 

Jin it slips |>ast the jaw, and no gas 
) Shipley, and the Premier engines 
Itural Sliow nt Doncaster, in June, 
iiictu " lo In- mudc ill sizes exceeding 

iiiil single-cylinder engine, 

repetition of the Otto, 

Ved from a side shaft. 
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It is made in bubb «p to 50 I.H.P. 
simple construction of the valves is sai 
saving in the consumption of oil. 

Palatine. — The Palatine Engineering Company, Liverpool, 
have introduced a vertical engine designed on a different prin- 
ciple to the ordinary type. The crank shaft and connecting-rod 
are enclosed in a hollow cast-iron chamber above the cylinder, 
into which the upper part of tlie piston is nsed to compress air. 
As soon as the exhaust opens, at the termination of the working 
or up stroke, the piston uncovers two ports in the cylinder wall, 
through which the compressed air enters, driving before it the 
exhaust gases, cooling the cylinder, and cleansing it of the pro- 
ducts of the former charge. More perfect combustion is said to 
be obtained, as the purity of the incoming charge ia not diluted 
by the unburnt gases from the previous explosion. The effect is 
apparently similar to tbnt of the compressed air introduced in 
the German Benz aud Daimler engines ; a weaker mixture than 
usual can be employed, and the cousumption of gas thus econo- 
mised. The gas enters the cylinder from a small pump, the 
piston of which is worked by wheels from the maiu shaft, and 
delivers a certain quantity per stroke in |iro]>ortion to the air 
admitted ; the amount is regulated by a centrifugal governor. 
The engine runs at from 200 to 350 revolutions per minut«. 
Hot tube ignition is used, the valve to lire the charge being 
worked by a rod frotu the crank shaft. The principle of the 
Palatine engine, although not quite novel, is ingenious, and 
expansion is probiibly greater than iu motors of tlie four-cycle 
type. To utilise the upper surface of the piston to compress the 
air alwve it is undoubtedly an advantage, and the crank being 
covered in makes the engine more convenient for use in con- 
fined spaces. It is mode in sizes of 5 and 6 H.P. 

Hobey.— The Rohey horizontal engine is manufactured by 
Messrs. Robey ic Co., of Lincoln (Richardson & Norria patents), 
for driring dynamos for electric lighting, and other purposes. 
It hos heavy fiywheels, and the ball governor, as usual with thia 
class of motor, is extremely sensitive; it acts on the gas valve 
by means of a lever and small roller. The usual four-cycle ia 
employed. Ignition is by a tube heated by a Bunsen burner, a 
double-headed valve with two seats is used to fire the charge, 
and great accuracy of ignition is obtained. In the latest 
engines there is no timing valve. The numl>er of revolutions 
can be readily altered, and the engine made to run, if re- 
quired, at low speed during the day, and at a high speed at 
night. A patent " safety combination " is provided to prevent 
starting backwards, and by altering the eccentric lever ihe 
motion of the engine can he reversed. Coming from so well 
known a firm, this motor will probably be successful. It is well 
designed and constructed, and is already made in various siees. 
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Two types, clupfly hortzontal, are used. Tlie first, i» sizoa from 
2 to 86 B.H.F., ruus at 160 to 230 revolutions per minutn ; 
the second, intended for electric lighting, is from 9 to 27 B.H.I'., 
and the speed varies from 300 to 230 revolutions per minute. 
According to tlia makers, the cost of working these engiites is Id. 
per H.P. per hour. Drawings are given in 7'/i« Enginaer, 
October U, 1893. 

Tarioua EngiiiBB. — Other motors employing the four-nycle, 
an<l generally resembling the Otto, with hot tube ignition Hitd 
lift valves, are Woodhead's " Leeds," a vertical gas engine, the 
"Bradford" (horizontal), brought out by 8. Clayton & Go. in 
1883, and claiming to be one of the first engines using hot iaha 
ignition without a timing valve ; and the Purnell, a modifica- 
tion of the Turner, made at the Atlas Works, BlaakfriarH. The 
Capitaine, a vertical motor, having the cylinder with the ignition, 
admission, and governing valves above the crunk, has been intro- 
duced from abroad, and a description will be found in the 
Oerman section. In all these small engines, ecouoray in the 
consumption of gas is not so much considered hi solidity, oom- 
pactness, and sitiifilicity. No triiils by independent experta 
have yet been maile u|ion them. 

Day. — Among modern English engines for small powem, ona 
of the most simple and ingenious is constructed by Mexiri. 
Day k Co., of Bath. In this little vertical motor Neverat varia- 
tions from the ordinary gns engine cycln have bm-n Intro- 
duced, and although most of them have appeariHl in otiinr 
en^nes, they are here utilised in a new and original •i%j. 
With one cylinder only, an explosion is obtained at evvry 
revolution. The cylinder and piaton are at the to|i, and the 
latter works downwards upon the crank through a connecting 
rod. Instead of a pump, a re««rvoir is formed by encli)«ing 
the crank in an air-tight chamber, and through a channel or 
passage at the aide the mixture \* forced from it into the up|>«r 
part of the cylinder. With the exee|rtinH of thlit reservoir 
and charging passage, thn mechanism of the engine Is very 
simple. There is no counti^r shaft or ncwnitSu, the aiitJoii 
of the piston itself causing the wlmi»ii>n and iWmAmigt of t)t« 
iJlMea. There ts only one valve, through wbloT' "* "* "'" 

areantoni»tieally>dmitt«'), in proper prof 
of the up strokt^ of the pisVin. Tlie e " 
through an opening in the eyV ' 
daring the down stroke ) ig 
timing vmlv«, iiloced at tha fe 
exi^Mion **«rj »**"'""' — ' 
tgmil«m,th« gum 1 
Mnkc hj thm tompn. 

Fig. 63 0*m k I 
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fcr the wlmisaioa of gas and ur, d is the chamber encloBin^ the 
ccmuk, into which the charge froQi b is lirst drawn. At « is th« 
•xhkosi, which is merely an opening half-way down the cylinder, 
«ii«ir«r«<d by the piston ; / is the channel connecting the crank 
cbaaiber with the working part of the cylinder. AJl the four 
«per»tions of the Beau de Rochas cycle — admission, compression, 
axploaion pins expansion, and exhaust, are jierformed in one 
down and one up stroke of the i>iaton, the down >)eing the 
Bootor stroke. The action of the engine ia as fullows:— The 
crank being ut the lower dead point, 
and the trunk piston at the IwtUiui of 
the cylinder, its edges juat clear the 
port opening from the channel _/*in the 
side into the u|<per end of the cylinder. 
Through this channel, during the l&tt«r 
part of the down stroke, the fresh 
charge, forced out by the piston, has 
been passing from the reservoir d. 
The up stroke now begins, and the 
port above _/" is inimediftt«iy clos^l ; the 
upper face of the piston comprcBses the 
gas and air aliove it, and drives them 
up the ignition tube, a. Meanwhile, 
the reservoir having been emptied of 
its contents through the side channel, 
a partial vacuum is formed below the 
piston ; the automatic valve b is lifted, 
and a fresh charge enters and fills the 
resei'voir, </. The piston havingreached 
the end of the up stroke, the charge is 
fired, and the expansion drives it down ; 
the exhaust port is uncovered and the 
gases discharged. When the piston hwi 
passed through half its stroke, it begins to force the fresh charge 
m the reservoir below it through the aide channel into the upper 
part of the cylinder, before 
the exhaust port is covered. 
The incoming charge, al- 
ready slightly compressed, 
helps to drive out the pro- 
ducts of cnmbuation. ITje 
return stroke com presses 
the mixture, and tkfl tmild 
recommences. 
The simj.lic 
Day engine niaki 
As there is only 
is to change the 






in the opposite direction. The original type is not suited 
to large powers, even when a twin engine is used, with a 
flywheel between the two cylinders. The speed varies from 
1 JO to 400 revolutions per minute, according to the size. No 
tvials have yet been made on this engine, and. therefore the 
economy claimed for it has still to he verified. Fig. <j3 gives an 
indicator diagram of a nominal 1 H.P. engine, indicating 3'3 
H.P. The diameter of the cylinder is 4J inches, stroke 7A 
inches, and it runs at 180 revolutions per minute. The Day 
engine is made in sizes from ^ H.P. up to 24 H.P. 

The " Campbell " engine, manufactured by the Campbell 
Company, at Woli Field, Halifax, Yorkshire, is another ex- 
ample of a horizontal engine having two cylinders, motor and 
pump, and olitniuing an explosion at every revolution. The 
pump is the smaller, and is worked by a crank on the main 
shaft. The latter alao cari'iea an eccentric opening the ad- 
mission valve for gas and air. The vibrating pendulum governor 
acts by partial or total suppression of the gas. The hot tube 
ignition is at the back of the motor cylinder, and below is 
aa automatic lift valve for admitting the charge from the 
smaller to the larger cylinder, in which it ia compressed. 
The pump piston is at an angle of 90° in advance nf the 
motor piston. The charge being first admitted through the 
flat valve, worked by an eccentric from the crank shaft, into 
the smaller cylinder during the out stroke of the pump, it 
is driven by the i-eturn stroke to the other cylinder. The 
motor piatou being timed to nrnve out later tlian the other, 
has not yet completed tiie in stroke, but the exhaust has already 
closed. A vacuum ia formed, the automatic valve is lifted, the 
charge, already at a certain pressure, enters the motor cylinder, 
and is compressed during the remainder of the return stroke of 
the motor piston. The pressure drives the gases up the ignition 
tube, where they are fired ; the charge explodes and forces out 
the piston. Thus we have admission in the smaller cylinder, 
and in the motor cylinder, expansion, discharge of the exhaust 
gases, and compression of the fresh charge. No trials appear 
yet to have been published upon this enjfine. It is made in 
sizes up to 50 I.H.P., and runs at from 150 to 180 revolutions 
per minute. 

,— The special feature of this engine, made by the Roots 

c Engine Company, is the compression of tlie gas and 

» charge is first admitted into a compression chamber, 

niction stroke of the piston drawing a portion into the 

r before the admission port closes. This jKirtion is first 

the piston, driven nut by the explosion, uncovers the 

■wrt, the rich charge in the chamlier is compressed, 

\e pressure raised at once, and well maintained 
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FRENCH GAS ENGINES-THE SIMPLEX. 



Among the various gas engines which have appeared during the 
last few years, to compete with thp Otto, few have been as ex- 
cellent in design, and as economical in working as the Simplex. 
It was brought out by MM, Uelamare-Deboutteville and 
Malandiu in liiSi, constructed by MM. Matter & Ci<-. at Rouen, 
and owes the name of " Simplex "' to its simplicity. The 
Otlo tirm contemled that their patent hiul be«u infringed in 
Frauce, and brought a. law suit agajusit the proprietors of the 
Simplex. In December, 1688, it was decidnd by the Judges in 
favour of the latter. Although the BeiiU de Koohas cycle is used 
in their engine, and the method of operations resembles that of 
the Otto, several essential differences have been introduced, 
and the ignition, regulation, and self starter are on a new 
jirinoiple. One important modilic&tion has been miuie in the 
cycle, which the inventors claim as an improvement. Ignition 
takes pUce when the piston has moved a little, and not, as io the 
Otto and raoat other gas engines, at the dead centre, or before 
the piston has moved. The engine is horizontal, of the single 
cylinder, single-acting type. 

Simplex Cycle. — In other respects the nsnal sequence ia 
adhered to. There are four operations, each occupying one 
stroke, viz., 1st forward stroke, admission ; lat return stroke, 
compression ; 2nd forward stroke, explosion and expansion ; 
2nd return stroke, discharge of the gase.i. Hence there is only 
one explosion for every two strokes forward and two strokes 
return, or every two revolutions, and one motor impulse in four. 
The compression space is more re-stricted, and the gases are more 
highly compressed pi-eviotis to explosion, than in the Otto engine. 
Formerly, when ignition was effected by a flame carried in a 
movable slide valve, high initial pressures of the gases were 
difficult to manage, as the flami- wns fn"|Uiiuly e\lini;uiHhed, 
For this and other reasons tin.' I'ir.T.i-i,- -|.;,rl: is preferred to 
ignite the charge in this engiiii', .md i-.'n.i.-rs tli"- '"■oanure 
of the gases, as far as the force hiuI ^■•■it:' \ 

concerned, a matter of indifterence, ^ 
oompressed, as under ordinary conditio 
when starting the engine, ignitio 






tlie dead jkbul. Tut paKm. "i«h n.r iJipv-ifi ^i mi^^t nur i. ir=j» 
vmj bedorc- that •ExguiBun. 'suz^s iintrp- -vrck^ tuif* -sbbLj i3i£ 
qoiedr. Tik?^ » jea miiKsc •! 'Lie if^mtg? ic lut ??■«''*- aisfL 
and HOC ckljt liif' ip^sbixt*- uf 'att i nyi i ins iiri- inxTsxtss nf Ti»» 
mixtuTfr is T7n.' " jtt*t L sni "zui^ iirjhura ir rim.iiufvmn. luiire 

chai^ is drrr«x^ I* if itik^ 'uun 'ru*^ ri&*ff in :iixc fczs in*itL "Lut 
piston dsHxtc "LiH- bkiih- j^mczi. uf rmt*. :ic: -jh- iirr-B;i:-^ "itsnir 
higher, iLt irT-rariici -nifci^-an "Lias: mir* i#i^ *r ^ *:i.*r^^L rsn^ 
when ifmtaoz: lak-esf Tui^a^ iz: lif*- ch3&l i*ror. cul TTiir 'ixt*^ iitsenii^.- 
ical efficieziCT i» lirinr 

— JLfi*r !air*ri^ btiil-' ir LI "i»* 



methods of £ri2*r 'iJ't vusrs^ ii. sm tnun***- XX^ 2»*siiaL;ur^w 
DebovtxcfTil^ tsid IfcihATitiix. [**-jufe*i zl ii.~ ult tc ^irernrasin-. 
Their srsDem o^'TiKfei 2*ea;rlT j^ -ji* m^ ub'jaa ir'ai?n-ZLr "^i "iia 
method of iczoiika. *a:!J*^n liiK l \*.T>rT 121 1 k»1 lir* r»fii3r»Jt -i 
generate the spms^^L Ti»* -yirrnr *3:7^nAt -.c irr ^-Tr 17 *ii*r.^ 
tricitT is said to t>e *.V.*rT ^arf-inirLi. j»-h 'j^ti 1^1** ij'.»: n :•* •!•: 
all the manj ^trri'XiB Lhirerir: r^sbi^jt^i 1: 5:r imx 'JJ*^ *t3'j :§&-"* 
mixtorey ncoHr of ib«L 02. t«t •a-I*»ji 3«*r5*'ii Tjit*- - -Jaz. ic-jcizitlj 
adopted Inr Ocirji. brr k1ii» i.Jiii-«: "r-ii-.-lj iLiiyic-^zrif*-!. ic strr7_T:r 
a lighted £aji««r v^ k^s fn- ix "LIj* i. jIt*- -t^t*^ -»-ti :c*ki v naaj 
objections. TLe rrta:: i***.** i: ▼j-j'/i "Lb* »liiH- -? u-^^-e -»» fa .■•»rrv»-L 
due not onlr u> ih>^ 'jicJujz^hL. *:xxu.i»Ti:«i^f :i.-: *-*.: • z^ia z^fm.h- 
nent gas flaib^ f*^y -^ r CTrnsiD*-- «*:•:€! f»*o*:rj-.i-in*i *:.* vra^rrj -.^ 
the iron, made iih: "oii.i* biriz-C- fciti tr-jt^c ij** Trra -»^a. 
carbon. Ignitioik Vj ai Ly; tl\^ i;L£ ii-c ^ii*r*f*^ i:jl«»i- tr'AT'Ti, "nr: 
it is deficient in ir>fc.T.T -wkTi, Tr2Jf**« tii* t:t.vA lt^ t* & T*-rr 
high pre&STire and i<«LptTtrtxr'- li^ -p-i. z^'Si r^^r^.j ir^-Vi If 
the to be be xna-j*^ thi',-k. v. resLKt iL-.i Tr***--..**. n ■•..-_ i^c -.•*i^-.ili* 
red-hot: ifthixu :is zztj^tuL %.-r£fc!J»s tr* •r.^'.z.iii^.T *i:oi»*^' v. 
the flame, vbi^e th*- tiVTiik. B;r5bW: i* t* \vrz..zA.T' **cit»*-t»':: r- 
Hence these tabes rec; -ir*- ^c "^ *r»fVT.*^ttT r*Cv:i*'-^- 

In France firinar ?-'"«' *'>:''rJ'A*T i^t* -j^s^fi, r^^-^^i-.T 4.-i'-c'*^i. 
As enjploTed bv ly-fZj.'.ir tij-i L-» > vj'.i*-»:V-=rs- ii.* *~k-^>*fzi. ^ha 
defective, and iii*rr^ -w^rr*: fr^j-r^- 11 -i» ir^-i- T--*- :<>•-* -t 
wire from a KuLttkor? ?>.! »i.* 'X':l'- .-:'=-: •' •• *: :■» '- '.:•••'•' v: 
ends of tl^e ctj:i:c*t. t1*- :Lf-;:t*.-.i: --, -.vr *t. :.'.-.* -••-^.f ^-.-f 
the circuit closed or ir-trrrr-.itrri -/r ^ : .-.^i.r: v.ti:'' Pr*:' 
matDre ismiiiori oft-^i. ov.-.r"-- ti. - v-.^r •-.-=: >.-""■'. -'fi' via 
generated inside iL*- 1-;*-:^ -^r .iv- i *l^ ;.-..-.•.*. f v.- ».."-" •<*■- 
came coat^i, and s'-i:-'-*.:r:-*r' r-v »:.'£ri:i v-r'r :•.•■-..'-'- 1'.^ 
invent4>rs of the .Siri,: '.'-z Lk- *- irC • *^^ • r -:,:«^:.- .* v-s-'.-.-r- 
*^ uitroducing the two *-r.ii -,: :•,> -■-.•*-• --,v. t::. ^v, i'-^. '^t. •..->-• 
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in the slide caver, and allowing a continuous stream of sparks 
to play between them. A slMe valve inoveB to and fro between 
the slide cover and tlie cylinder, at hnlf the sjieed of the crank 
abaft. At a, given moment. & zig-zag passage in the slide valve 
ie brought opposite the ignition chamber, and opens communica- 
tion between it and the admission port into the cylinder. Part 
of the charge, already highly compressed by the back stroke of 
the piston, rushes through the passage, is fired by electric 
Bparks, and ignites the mixture in the cylinder. The moment of 
ignition, therefore, is regulated, not by the generation of the 
electric sparks, but by the movement of the slide and the 
edges of the port. Premature ignition ia prevented by isolating 
the wires in porcelain tubes. 

To work well, this method of ignition requires a pure ex- 
plosive mixture, and that no gases of combustion from the 
previous charge should be left in the firing chamber or the 
alide valve. At the moment when the compressed gases, driving 
before them any residuum n{ burnt products, pass from the 
cylinder into the oblique passage in the slide valve, and ji^ 
part of a second beford the ed^en of the passage ars brought 
opposite the firing chamber, a small hole opens communication 
with the outer air. This little vent-hole is obliquely in line 
with the firing chamber, to which it is connected by a grooved 
channel in the slide valve and face. So great is the pressure of 
the incoming charge, that all the burnt gases are discharged 
through this opening in even less than the time allotted, and 
the fresh purified charge is ready to be exploded. This system 
of ignition has been found economical and convenient. The 
slide valve and firing chamber are kept comparatively cool, and 
require less attention than with fiame or hot tube ignition. The 
regulation of the speed is another special feature of the Simplex 
engine. Two ingenious methods are employed, according to 
the size of the engine ; and the governors are novel in applica- 
tion, if not in principle. 

Fig. Qi gives a side elevation. Fig. G5 a back view, and Fig. 
66 a sectional plan of the Simplex engine. In outward appear- 
ftuce it somewhat resemhles the Otto, having a single horizontal 
cylinder open at one end, working direct through a connecting- 
rod on to the crank, and a counter shaft to act upon the 
organs of admission, distribution, ignition, and exhaust, driven 
by worm gearing from the cmnk shaft. A is the motor cylinder, 
P the piston, the connecting-rod, and K the crank shaft. E^ 
Fig. 6fj, is the wheel on the crank shaft, and F another wheel 
gearing into it, of double the diameter, driving the side shaft K, 
which makes one revolution for every two of the crank shaft. B 
is the base pliite, M the mixing chamber for the gas and air at 
the back of the cylinder. So far the construction is the same as 
in many other engines ; the horizontal slide valve S, Fig, 66, is 
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also driven to and fro by the side shaft R in the usual way. In 
Fig. Cj, V and Vj are the flywiieels, and U and Uj the pulleys. 
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The cylinder is cooled by a waWr jnoket, the water ent«rH at /, 
and is Jiiicliargeil at (,, Fig. 66. e is the exhaust opening at the 
bottom of the cylinder com muni eating with it through the valve 
S|. The air enters at H, the gas at g, through a pipn at right 
angles to it, seen in Fig. G5. Both pass into the distributing 
chamber M, and from thenue llirough slide valve S into the 
aniall chamber B, in the rear of the cylinder, where they are 
compressed by the back stroke of the piston. It is the relatively 
small aire of this corapresaion space in pi-opoition to that of the 
cylinder which causes the gas and air to be more highly com- 
pressed than in moat gas engines. In an engine of 67 B.H.P. 




Fig. 66.— Simplex Engine— End View. 



teat«d with town gas by Pi-ofeasor Witz, the volume of the 
compression apace was 324 per cent, of the total cylinder volume. 
With gas of poorer quality, such as Dowson gas, the volume of 
the compression chamber is only 35-6 per cent,, in the Otto 
engine it occupies about 36 per cent, of the total cylinder 
volume. 

The side shaft terminates in a small crank, k, working the 
slide valve, and moving it once to and fro for every two revolu- 
tions of the crank shaft. The discharge pipe for the exhaust 
gases is seen at Fig. 64. The exhaust pipe e is closed by the 
valve S,, held upon its seat by the spring j. At a given moment 
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and pushes it up, and the exhaust gases pass out through e. As 
the pressure ii> the cylinder is l| atmosphere when the exhaust 
opens, the valve is lifted a little before the end of the stroke, to 
avoid Ixu^k pressure on the piston. 

Slide Valve.— Fig. 67 shows a sectional plan of the organs 
of adinisaioD, distribution, ignition, and the air governor, all 
of which are at the b;ick of the cylinder. S is the slide valve, 
k the xniall crank on the counter shaft working' it, and M the 
distribution chamber. This chamber has three opening»i, the 
first for the admission of air from below at H j the second, </, for 
the entrance of the gas, the valve of which is controlled by the 
air governor G to the right; the third leads through the slide 
valve into the cylinder, the arrows indicate the direction. At I 
la the ignitiou chamber, into which the ends of two electric wires 
surrounded by porcelain insulators are introduced, and a con- 
tinuous stream of sparks plays between them, without heating 
the metal. The slide valve has only two openings, a rectangular 
passage, e, shown at Fig. 07, in line with the cylinder port and 
distribution chamber, and an oblique opening, f, which, as the 
slide moves to the right, brings the lighting ehamber I intg 
communication with the cylinder through the same pert. The 
admission passage is first circular in form, then conical, lastly 
rectangular, aud it is thus shaped to ensure the thorough mixing 
of the gas and air as they pass to the cylinder. 

Simplex Gtovernor. — Two simple und ingenious metliods of 
regulating the s|ieed have been adopted in this engine. For 
small motors, MM. Delamare and Malaiidin use an extremely 
sensitive air-barrel governor. If the speed be too great, the 
governor wholly cuts olT the supply of gas, and this method 
is not only economical, but by admitting air only for one or 
more -revolutions, the cylinder is thoroughly cleansed of the 
burnt products, and the next explosion is stronger, because the 
mixture is undiluted. The governor also regulates the supply 
when the engine is running light. The slide Talve H, Fig. 67, 
carries a small horizontal cylinder, c. cast with it in one piece, 
and therefore making one movement forward and back for 
every revolution of the crank k, or every two revolutions of 
the crank shaft. The piston and rod of this cylinder are station- 
ary and txed to the slide cover, and the cylinder, contrary to 
the usual arrangement, slides to and fro over them with the 
movement of the slide valve. Rubber rings allow the piston-rod 
to move in a slightly oblique direction, as the cover is tightened 
against the slide valve. At the opposite end of the cylinder e 
is ft small opening, k', through which air is admitted and driven 
out by the piston at each furward movement of the slide ; the 
quantity of air is regulated by a micrometer screw, and only so 
much enters at each stroke as will fill itie cylinder. At right 
angles to, and cast in one piece with, the upper cylinder e and 
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in & knife edge, o, fitting into the rod opemng the gas valve. 
If the speed be noruitil, a cylinder- full of nit' ia taken into and 
expelled from cylinder c at each to and fro movement of the 
alide valve. The piston of cylinder n does not move, and the 
knife edge o beuig brought each time by the motion of the 
alide against the gas valve-rod, pushes the valve open, and 
admits ^ certain quantity of gas. But if the speed be too 
great, the slide valve and, consequently, the cylinder c, make 
more than the given number of movements. More air is 
admitted into cylinder e than cau be driven out during one 
revolution. It is compressed, the pressure acting upon the 
piston in n drives it down, and the kuife o misses the edge 
of the gas valve-rod, bb seen in the dotted line, Fig. 67. Mo 
gas can thus enter until the speed of the engine and, con- 
sequently, the pressure in the upper cylinder are reduced. 

MM, Delamare and Malandin have ktely introduced a modi- 
fication of this method of governing, by which the speed of the 
engine can be still more delicately adjusted. With their air 
governor, as with most others, there is no alternative between 
admitting the full quantity of gas, and vhoUy suppressing it. 
Sometimes, however, the speed varies within such small limits 
that ii is unnecessary to cut off the gas supply entirely. In 
such cases the speed is regulated by altering, not the amount of 
gas, hot the quantity of total mixture admitted, the proportion 
of gas and air remaining the same. Thus the charge will always 
ignite, but, with the slightest increase beyond the normal speed, 
a weaker explosion is produced. 

This effect is obtained by means of a rod through the centra 
of the mixing chamber M, Fig. 67, pierced with a hole to allow 
the spring of the gas valve » to pass across it, and terrainatinj; 
in two discs, one behind the other (not shown in the drawing), 
cut with alternate open and closed sections. The direction of (he 
rod is the same as that of the ari'owB, and it carries a |>rojectian. 
The discs are pluced across the chainlier JM. jn^i. bcifore it narrows 
to thi^ slide-valve jiort e. The inner disc is sUttionarv. iiml fixed 
to the valve cover ; the t,iitpr .Ik,' iii.,v.-f «iil, ti,.. ,:.\l ( -low- to 
the projection, and hrlil ■ !i(id*r 

and piston communiciit .; 'V ben 

the engine 18 ninnin-; . i iJjB 

discs correspon'l ■■-;-i ■' Irom 

the chambei V i v-ai. 

If rhespeed I.. n of 

airc-titcrfi tin- ■ ■■ -tim 
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strength of the explosion is proportionallj reduced. This method 
of varying the power of the eogine within very small limits is 
applicable to any gas motor. 

For larger engines a simpler and cheaper governor has been 
introduced. It is constructed on the principle of two pendulum 
weights, a lig)iter and a heavier, swinging on a fiteJ pivot at 
either end of a rod. The time occupied by the fall of the pen- 
dulum is always the same ; the variation in the speed is obtained 
by a weighted knife blade acting upon the gaa valve. Figs. 68 
tuid 69 show the arrangement of the pendulum governor, sJso 
Been in Fig. 65. The two weights of the pendulum, Q and O, 
are mounted on a rod ending in a notch, N, and held in position 




Fig. 69.— Siniplax Engine— Patnlnlnin 



by the pivot r in the centre. The 
^ heavier weight b fixed to the lower 

Pig 63.— Simplex Enicine— «"4 '^^ '^* ''**'* ' ^^^ "PP^"" ^'^^ Hghter 
Pendulum Go vomor. weight can be adjusted by a screw to 
any distance from the middle of the rod, 
to give the required length of swing for any speed. The heavier 
weight being below, the tendency of the pendulum is always 
towards an upriglit |)Osition. Bolted to the slide valve of the 
engine, and therefore moving to and fro with it, is a frame 
carrying a knife blade, b, square and weij^hted at one end, and 
pointed at the other. The pendulum and the notched opening 
of the gaa valve y, shown to the left, are both in the stationary 
valve cover, the weighted blade on che frame moves with the 
slide valve. As the square part of the blade is the heavier, the 
piece of iron, unless prevented, always remains vertical ; but 
each time the knife blade in its motion encounters the pendulum 
as it swings, the point of the blade ia caught by the notch and 
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held in position, and the t 



the gM valvi 



I^h, 



quare end of the knife pushes open 
the speed of the engine be too great, 
the alide valve carries the knife blade forwai-d too soon, as seen 
in Fig. 68. The blade misses the notch, the weighted end drops 
below the gas valve, and no gas is admitted. This governor ia 
almost as sensitive as the other, because, the fall of the pendulum 
being iilwaya the same, the regulation of the speed depends on 
the hit or miss of the notch. 

From this description it will be seen that the Simplex engine 
differs in many important respects from the Otto, especially in 
the ignition, which, M. Belamare asserts, is simpler, cleaner, 
and more certain than the usual firing. The higher pressure 
obtained by l-educing the compression space, the greater heat of 
the electric s]iark, and the more complete discharge of the 
exhaust gases, increase the economy and efficiency of the engine, 
and make it especially fitted for driving with Dowson or 
other poor gas. To set up a, complete gss-gen era ting plant, 
however, is only remunerative for large power engines, and 
it is under these circumstances that the Simplex reuches its 
maximum of econoniical working. 

Starting. — The construction of tlie engine renders it easier to 
start thsn most other gas motors. As the electric spark is 
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sufficiently powerful to ignite gases at any pressure, preliminary 
compression, always a difficult matter, ia not necessary to any 
large extent. A simple method of starting was introduced and 
patented by MM. Deiamare and Malandin in 1888. A three- 
way cock, shown in plan, section, and elevation at Fig. 70, is 
connected to the ignition and main gas sup|)ly. The gaa is 
admitted from below, and the air at the side into the ignition 
chamber, and pass through the oblique slide valve opening into 
the cylinder in the direction of the arrows. Fig. 71 shows a 
diagram of the movements of the piaton. 

The special and original feature of the Simplex self-starter is 
that the explosive mixture, instead of V>eiiig introduced during 
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the admiasioa stroke, enters the cylinder during the third or 
expansion stroke. All attempts to start the engine when 
admitting the ebarge as usual during the first forward stroke 
failed, because so loag a time elapsed, viz., a forward (atlinissioa) 
and back (compresHiou) stroke, before it was fired. But as soon 
as the "lucky idea," as the inventor calls it, was hit upon, of 
admittinif the charge at the beginninj; of expansion, the engine 
was easily started, hecituae the gases were immediately tired, and 
driven out during the course of the next exhaust stroke. 

To set the engine in motion, therefore, the piston must be 
stopped at c, Fig. 71, at the end of coiapreasion, and the com- 
pressed gases allowed to escape. The gas cock and the three-way 
cock are then opened, and the flywheel turned by hand, until the 
piston )iRS moved to e through three-quarters of its next forward 
stroke. Gas and air, mixed in the ])rop<>rtionB allowed hy the 
openings of the three-way cock, enter the cylinder to fill the 
vacuum caused by the forward motion of the piston. The cocks 
of both pipes are then turned off, the movement of the flywheel 
revemed, and the piston returning to e^, slightly compresses the 
charge of gas and air behind it. The electric current is then 
switched on, nnd although the gases are at a low pressure, the 
spark is sufficiently powerful to ignite them, an explosion follows, 
and the engine is iairly started. For larger engines, where it ia 
difficult to turn the flywheel by hand, the engine is started still 
more easily and simply. It must be stopped at/, Fig, 71, in the 
middle of the ignition stroke, and the gas and air allowed to 
enter through the three-way cock. At the top of the cylinder, 
above the compression chamber, there is a small hole closed by 
a pet-cock. This is opened, and the mixture of gas and air 
entering the cylinder at a slight pressure drive out, through it, 
the burnt products remaining from the previous charge. As 
soon as the hole is closed, tlie tbree-way cock being still open, 
the gas and air accumulate behind the piston and in the ignition 
chamber. The ordinary gas cook is then opened, a fresh charge 
enters, the current ia switched on, au explosion follows, and the 
engine begins to move. In the later engines the pet-cock is 
replaced by au auxiliary cam on the counter shaft, which keeps 
the exhaust open and diminishes the pressure, until the engine 
is at work. In both these methods of starting the principle is 
the same, namely, to introduce gas into the cylinder by other 
than the regular means, and at an unusual period in the cycle. 

The single cylinder 100 H.F. nominal Simplex engine at- 
tracted much attention at the Paris Exhibition of 1889, and 
was highly comiuended for economy and efficiency. Worked 
with Dowson gas made in a special generator, the consumption 
of coal per I. H.F. per hour was about half that in a steam 
engine of the same power. This engine was one of the best 
representative types then made of an economical gas motor. 




had two flywheels, each 5J feet in diameter, the diameter of the 
cylinder was 23 inches, length of stroke 3 feet 3 inches. The 
mean speed was rather less than the average, the engine running 
at 100 revuluiions per minute, and the initial pressure of the 
gases 6 atmospheres. The mechanical efficiency was only 69 per 
cent. Few gas engines of the same H.P. are able to dispense 
with a second cylinder. In the opinion of Professor "WitK, the 
success uf this Simplex engine has estsblished beyond a doubt 
that large power gas engines, when using cheap or Doweon gas, 
are able not only to compete with steam engines, but to surpass 
them considerably in economy. The saving effected by the use 
of Dowson gaa, manufactured on the sjjot, instead of tha 
expensive Paris gas, was very marked. MM. Delamare- 
DeboutteviUe and Malondia are now making engines, all single 
cylinder, to be worked with town gas, of the following sizes: — 
From I H.P. to about 150 H.P.; for Dowsou or other poor gas 
from 30 HP. to IfiOH.P. 

Trials. — Different sizes of the Simplex engine have been 
tested by Professor Witz. Trials of the 100 H.P. engine will be 
found in the table at p. 404. 

These experiments were continued for four successive days, 
and the calorific value of the Dowson gas used was 14bT calories- 




Fig. 72.— Simplei Engino— IniUi 



per cubic metre, at ordinary temperature and atmospheric 
pressure. The brake H.P. of the engine was 7586, and the 
consumption 83'7 cubic feet of Dowson gas per RH.P, per hour. 
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Fig. 73,— Simpler Kngine— Indicator Diagraai of 8 H.P. Fngine. 

r 1-3 lbs. of coal per B.H.P per hour. Fig. 72 shows a diagram 

'^.^■n during the trial. In a smaller engine testetl by Professor 

\ in lb85, the B.H.P. was 6-8, and the consumption of 

yiry lighting gas 21'8 cubic feet per B.H.P. per hour. An 
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engine of nearly twice the size 
19-4 cubic feet per hour. Fig. 
Simplex engine. 

Engines for Poor GttiB. — MM. Delainareand Malandin are still 
attidying to perfect tlicir engine, and iiave taken out 60 patents 
in France, and 1 in England. A list of t!n» Utter will be found ' 
in the Appendix. They have lately designed a new type with 
many modifications in dftnil. In which the culorific value of tbe 
gas is said to he much better utilised. The nuthor regrets that 
the plans of this new engine are not yet sufficieotly advanced for 
publication. Recently they have adopted the Lencauchez system 
of poor gas for driving their engines, anil have erected several 
important installations in France, combining the Lencauchez 
generator and the Simplex engine. All of them are intended 
speciiiHy for burning poor and cheap coal. The system ia 
described at p. 107. 



CHAPTER XII. 

THE MODERN LENOIR AND OTHER FRENCH 
ENGINES. 



Since the introduction of his fir.st motor in 1860, Lenoir, the 
pioneer of gas engines, had been incessantly working to perfect 
his invention and to remedy its defects, especially tbe Urge con- 
sumption of g«s. Sixteen years later, in 1876, a new direction 
was given to the efforts of mechanical engineers by the appear- 
ance of the Otto. The success of this motor conclusively proved 
the truth of Seau de Rochas' theory, that, without compression 
of the gases before ignition, it is impossible to make an engine 
work economically. Abandoning, therefore, the lines on which 
he had formerly worked, I.euoir announced his adherence to the 
principle of compression, by introducing, in 18S3, an engine in 
which the Beau de Rochas cycle was closely followed. 

Uodem Lenoir. — Like the Otto, the modern I.enoir engine 
has one motor impulse in four. The first stroke (forward) drawa 
in the mixture of gas and air, the second stroke (return) com- 
presses the charge ; during the third stroke (forward) it is 
exploded and expanded, doing positive work; and in the fourth 
stroke (return) the products of combustion are discharged. The 
cycle of this new engine is generally similar to that of the 
Otto, and like the inventors of the Simplex, Lenoir had to 
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t IB Frftoce, whicb vn^ tJecided in bis fovoar 
, ISSSl Tbnv >re, however, essentia] points of differ- 
^■■Ttd ■■ oT Rsenbtance, in the two motors. Lenoir aimi) 
Aauiag U^fr eotcpression of the gases. By sepamting the 
■Wr m wlueb they are compressed from the working cylinder, 
t egp ia g it bot, vhile the cylinder is cnoled by a water jacket, 
■OatnTVi t» be^t the gases before ignition, without unduly 
g tkt tvnpentuTv of the piston. As in the farmer engine, 
ia» cMctarie spin produced for each explosion is employed to 
(pit* th» gairr. bat his particular metliod of t;*nition doea not 
■M^ to pre a perlectly regular speed. Whatever its merits wheo 
skiHUlj hAodled, it is, in the opinion of Trofessor Schbttler, a 
strp in th« wrong direction to fire the gases electrically. In 
■taer resp'Cts the mechanical details of this Lenoir engine are 
good, attd carefully studied. The high pressure at which the 
gnaa wre ignited gives greater expansion after explosion, the 
■uztarv can be much diluted or a poorer gas used, and greater 
aeoaonr Js thus obtained. The piston moves out so little dur- 
mg explosioo, that ignition practtcnlly takes place at constant 
VMUtae. 

The cvlinder is in reality divided into two distinct parts, the 
motor cylinder, in which the piston workH, and the compression 
chamber at the back, se|>arated from it by an asbestos joint. 
Thia chamber, called by the inventor a " reheater," is a distin- 
guishing feature of the engine. The cylinder is surrounded by 
a water jacket, but radiating cant-iron ribs, otlering a coiisider- 
ftble surface to the air, are sutScient to cool the compression 
chamber, because the piston does not enter it. Thus the incom- 
ing gases, as they pass through this chamber, which is much 
hotter than the cylinder, are heated prior to ignition, and the 
heal im|<art«d to them increases their pressure. Before explo- 
sion it risea to 4 atmospheres (about CO lbs.), and after cxplo- 
aion to 13 atmosjiheres, and to 16 atmoxpheres in engines 
using carburetted air. This high pressure and tempemture make 
the gases ignite easily, although a poor and greatly diluted 
mixture is used. Another novelty in this engine is that the 
adniission and ignition valves are at the side of the cylinder, in 
a relatively cool position, and therefore need little oiling. The 
electric wires never come in contsct with the lubricant, and 
there is no danger of the ends beconiing greasy. Air and gat 
are admitted and mixed in a distributing chamber, as seen in 
the drawing. 

Fig. 74 gives a sectional plan of the modem Lenoir engine, 

tT.jng the different parts, A is the motor cylinder, with 
P, B the compression chamber suriounded by the ex- 
riba, E is the opening for the exhaust nt the further end 
compression chamber, D the valve chest nt the side of 
,/linder, containing chambers for the admission, mixing, and 



I 



164 OAS ENGINES. 

vent the conduction of Iieat, A portion of the piHton-roil in 
seen at p, working through the connpctius-md and a strong 
cylindrical guide g on to tlie crank shaft K. All the organs 
of admission, distribution, ignition, and exhaust are worked by 
R counter shaft, R, driven from the main shaft by two spur 
wheels, e and /, in the proportion of 2 to I. The shaft R, 
therefore, revolves at half the speed of tlie crank shaft. Upon 
it are two cams, (' and (", and a projection, i- ; these work the 
exhaust and admission valves, and the ignition. The exhaust 
E is opened by the lever N and the rod O. At a given 
moment the cam (° on the counter shaft pushes out the valve- 
rod O, the lever N is displaced, and the exhaust port un- 
covered. 

The valve chest D is divided into two parts, J the admission, 
and I the mixing and ignition chambers, and communication 
between tliem is made through a horizontal valve, H. The air 
enters from below at m, and the gas from above ; the governor 
itcts u|H)n the gas admission pipe. To admit the gas into 
chamber J, the second cum t' on the counter shaft R pushes out 
the rod ( and lifts a valve placed on the gas supply pipe. Unless 
checked by the governor, the gas enters through several holes, 
and becomes thoroughly mixed with the air, before the valve H 
opens to admit the charge into the inner chamber I. From 
thence it passes through the channel g into the cylinder, and 
is compressed into B. The charge is fired at h on the same 
principle as in the earlier Lenoir motors. Two wires, positive 
and negative, pass from u Kuhmkorff induction coil, the one 
into the engine, the whole of which becomes negative, the other 
from « to A at the side of the admiBsion chamber. Contact is 
interrupted or established by the projection v on the counter 
shaft R, which at a given moment in the cycle of the engine 
closes the circuit. The spurk is produced, and part of the 
highly compressed charge in B, driven u]i the narrow passage 
a by the return compressing stroke, is ignited, and spreading 
back into the cylinder fires the remainder. The passage is 
always ojien to the cylindei', but the charge cannot ignite until 
the maximum pressure is reached, and the spark produced. An 
india-niblier bag is used to regulate the pressure of the gas. 
Little difficulty is apparently found in starting this engine, the 
process being always easier in engines tiring electrically than 
in those which use flame ignition. The counter shaft R carries 
a aecond smaller cam, as well as the cam opening the exhaust, 

1 both can be brought into play when starting the engine. By 
» of the second cam, the exhaust valve is opened twice during 
)volution of the crank, to diminish the pressure of the gasea 
'tho cylinder. As soon as the engine is at work, the handle 
Dving'this cam falls hack automatically. The gas valve can. 

> be opened independently of the governor. 
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M. Treses, who liad heen the first to exiieriment upon the 
original Jjeiioir motor, undertouk two series of trials upon the 
moclern enginti, driven altenintely with gas and with carburetted 
air. Testa were miide ou a 2 H.P. nominal engine with Paris 
gas in 18B5, and the mean of three expfiriments gave a con- 
sumption of 24 cubic feet of gas per B.H.P. per hour. The 
indicator diagram is shown at Fig. 75. The engine ran at 176 
i-evolutiona per minute, and the mechanical efficiency was 74 
per cent. The dimenaiona of the 
cylinder are given in the tal 
p. 402. Another experiment v 
made in ia90 by M. Hirach on a 
IG nominal H.P. Lenoir engine, in 
which the consumption of Paris 
gas per B.U.P per hour was u 
little over 21 cubic feet. It must 
not be forgotten tliat in all en- 
gines firing the charge electri- 
cally, the consumption of gas ia slightly lesa than where 6ame 
ignition is used, because in the latter caae a small quantity of gas 
is required to feed the light. M. Tresca died before the results 
of his experiments were published. The constructors of the 
Lenoir engine claim for it an average consumption of 23 cubia 
feel of gas per LH.P. per hour. 

For sizes above 8 H.P., the Lenoir motor ia usually made 
with two cylinders and pistons, working upon the sitme crank 
shaft. A single counter shaft between them drives the adraiaaion 
and ignition valves and the governor. There ia only one mixing 
chamber, communicating alternately with each cylinder, and one 
commutator, to pass the spark to either cylinder as required. 
One explosion per revolution of the motor crank ia thus obtained. 
Sometimes all the parts are made in duplicate, and the engine 
virtually consists of two single cylinder motors. The Lenoir 
engines are made at Paris by MSI. Kouart Freres, and by the 
Oompagnio Parisiesne d'Eciairage au Gaz. 

ChaTOQ. — The Charon engine, sumamed the " Incomparable," 
was patented in 1888, and shown in the French Section of the 
Paris Exhibition of 1689. It is a horizontal four-cycle single 
cylinder engine, resembling the Otto in outward appearance 
and mechanical details, with lilt valves and electric ignition, 
To obtain greater expansion in proportion to admission and 
compresaion of the charge, a novel feature is introduced in the 
construction of the engine. The student will already be familiar 
with various devices of this kind, but the method employed by ] 
M. Charon, although original, is complicated, and cannot be con- 
sidered as offering a successful solution of the difficulty. 

As in moat types of engine using the Beau de Kochas eye 
the piston makes two forward and two return strokes for 
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revolutions of the cranW. TLe first out stroke of the piston 
draws in the charge, the aecomi return stroke cuinpreHses it. 
The gas and air «re then fired hy the electric spurk a little 
before the end of this stroke, and the charge is exploded liefore 
the piatoB begins its third stroke (out). The whole of this stroke 
is utilised in expansion, and during the fourth stroke (return) 
the products of combustiim are discharged. The novelty of the 
eugine is that, when the piston has reached the end of the l^rst 
out stroke, the cylinder behind it being full of gas and air, the 
gHS valve closes, hut the air ndniission vnlve remains open during 
the first part of the return coui|ireBaion stroke. 'I'his valve 
communicates, through a pipe, with a. circular spiral passage or 
coU in a chamber below. The other extremity of this coil is 
open to the atmosphere, and the sir is drawn in through it. A 
portion of the gitses, instead of being compressed in the cylinder, 
pass through the valve, and are stored up in the spiral passage. 
The valve then closes, and during the remainder of the second 
stroke (return), the cliarge is compressed by the piston in the 
usual manner. At the next admission stroke the air valve again 
opens, as well as the gas vaire, to admit a fresh charge. Air is 
drawn in from the coil by the suction of the piston, cari-ying 
along with it to the cylinder the gases stored from the previous 
charge. The next compression sti-oke refills the spiral coil, the 
diameter and length of which are so proportioned that the com- 
pressed gases are prevented from reaching the opening, and 
escaping into the atmosphere. 

The operations of admission, ignition, and exhaust are effected 
by lift valves, worked by cams on a side shaft. The cam open- 
ing the g'lB valve is controlled by the governor. The electric 
wires are carried into a small chamber at the back of the 
cylinder, immediately above tlie admission valve. Contact is 
interrupted by a lever moved by a cam on the side shaft, and 
the spark is produced just before the crank reaches the inner 
dead point. Extreme care is taken in this engine to determine 
the precise moment of ignition. The exhaust and air admission 
valves are driven from a small abaft at the hack of the cylinder, 
at right angles to the side shaft, to which, at each revolution of 
the latter, an oscillating movement is communicated by two 
cams. The speed of the engine is ingeniously regulated on the 
following principle: — The governor acts, not only on the gas 
admission cam, but upon the cam opening the air valve. The 
gi'eater the speed, the longer this valve is kept open. More of 
the gas and air pass into the spiral coil, less are retained to be 
compressed in the cylinder. Thus the charge will bn poorer in 
quality and less in quantity, until the speed is reduced within 
normal limits. The exhaust valve is the same in principle as in 
the Otto engine. 

A 4 H.P. Charon engine was tested in 1S89 at Solre-le- 



ChateflQ, France, hy Professor Witz, and the conaumption was 
found to be 19 cubic feet of gas per hour per H.F. Details of 
the experiment &re not given, because the results were not 
considered satisfactory. Full drawings of the engine will be 
found in Witz and Chauveau.* 

Tenting. — The Tenting, made hj MM. Salomon and Tenting, 
at Paris, is a horizontal single-cylinder engine, simple in con- 
struction, and using the Beau de Rochos cycle. There ifi no 
slide valve. Admission of the charge is effected from a central 
opening below the cylinder, through which passes the rod of an 
automatic valve, held back by a. spring. Gas and air, in proper 
proportions, enter the cylinder through a series of concentric 
holes below this valve. It ia lifted by the suction of the motor 
piston during the admission stroke, and closes when the pressure 
in the cylinder, during conipi-ession and exhaust, is greater than 
that of the atmosphere. A valve-rod at the side of the cvlinder, 
driven hy wheels from the main shal^ in the proportion of two to 
one, opens the exhaust vslve. The centrifugal Wl governor acts 
upon this rod through a. lever. As long as the speed is normal, 
the lever rests sgninst the cylinder; but if it be increased, the 
lever is drawn forward, and a projeGtion upon it is interposed 
between the spring closing the exhaust and the valve-rod. As 
the exhaust valve cannot close, the pressure in the cylinder does 
not fall below that of the atmoapliere, and the automatic admis- 
sion valve is thus prevented from rising. No fresh explosive 
mixture eutera until the speed is reduceii, and the lever allowed 
by the governor to right itself. 

This engine hos no water jacket for powers below 4 H.P. The 
cylinder is surrounded by a hollow casing divided into compart- 
ments, through which air circulates, entering at the bottom, and 
passing out at the top. The air can be replaced by water if 
desired. Electric ignition was used at first in the Tenting engine. 
The negative wire was joined t" any part of the engine, and 
contact was established between it and the positive wire by an 
isolated metallic column and a disc attached to the auxiliary 
shaft. At the moment of ignition, a small porcelain pin or in- 
sulator, carried round on the disc, interrupted the current, which 
passed to a point above the compressinu chauilier of the cylinder ; 
the electric spark was produced, and the mixture fired. Firing 
by electricity has now been abandoned in favour of hot tulie 
ignition. 

Bavel. — Two varieties of the Eavel engine have already been 
described, but the inventor has lately re-modelled the design. 
In 1888 M. Kavel introduced a horizontal engine of the Clerk 
type, giving an explosion every revolution. There is one nwW 
cylinder and piston. The cylinder b closed at both ends, r 

* Gustave Chaiiveau, " Traiti thionqvt tl pratique det Sfolettr* A I 
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ail' is drawn in at the crank shafl end, and compressed into a 
reservoir in the base oftlie engine, while expansion is taking place 
on the other side of the piston. The gas is admitted into a 
separate pump, and compressed into a second reservoir before 
entering the cylinder. Each forward stroke is a motor stroke, and 
oorresponda to one revolution of the crank. Although both gas 
and airaro thus previously coniprBssed, the pressure of the ignited 
gases and their consequent expansion is not so great as might 
have been expected, and is, to a certain extent, sacriticed to 
regularity of working. The exhaust o[iening3 are placed near the 
crank aliaft end of the cylinder, and are uncovered by the piston, 
when it has passed through about two-thirds of the expansion 
stroke. The additional complication of the pump and reservoirs 
for the gas and air, and the deficient expansion, due to the early 
opening of the exhaust, are undoubtedly defects in this engine. 

The construction is rather complicated. The air, after being 
drawn into the front part of the cylinder, and compressed through 
an automatic lift valve into the reservoir formed in the base 
plate, passes into the mixing chamber. The gas is first com- 
pressed in the pump, the {lUton uf which is worked from the 
crossheail of the motor (liatou, then delivered into the small 
reservoir above the air reser^'oir, the pressure in both being the 
Slime. It then enters the mixing chamber, and two valves 
worked by a single rod, and opened by a cum on the crank shaft, 
admit the gas and air to the cylinder. Meanwhile the exhaust 
valve and lever, acted on by another cam on the crank shaft, are 
lifted. The immediate lowering of pressure, caused by the 
opening of the exhaust |)orts, draws in the mixture through an 
oblique passage, which gives it a spiral motion, helping to driva 
out the products of combustion. It is necessary to prevent part 
of the fresh charge from escaping with the exhaust gases, and 
this, according to the inventor, is effected by the cJrcnlar motion 
imparted to the charge by the shape of the admission passage. 
The return stroke of the piston covers the exhaust ports, and 
the fresh charge is then further compressed. Just before the end 
of the stroke it is driven into a chamber at the back of the 
cylinder, the electric spark is produced, and the charge fired. 
Thus by the time the piston has reached the inner dead point, 
explosion has already taken place, and expansion follows. In 
this way the charge is twice compressed, and the pressure twice 
utilised. After being compressed separately by the auxiliary 
gas pump and the outer face of the motor piston, the gas and 
air enter the cylinder under their reservoir pressure, and clear 
it of the products of the former charge. The mixture is then 
compressed afresh by the motor jiiston, the charge is exploded, 
and drives the piston forward, doing work. 

Notwithstanding these high pressures M. Ravel lias preferred 
Bot to Utilise fully the power generated for the expansion stroke. 
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bat to employ moderate pressures, and to obtain a ateadj rate 
of working. He bas also sacrificed economy to regularity in tlie 
action of the governor. A centrifugal governor is used, placed 
above the pipe admitting the gas to the pump, and the stfpply 
of gas is regulated according to the speed. A certain quaatiij 
is always allowed to pass through the cylinder, but if tbat 
quantity be too small to ignite, it escapes unbumt. The varta- 
tion is in the quality of the charge, and the engine is aasd to 
work with great regularity, but somewhat extravagantly. Ib 
economy it is easily surpassed. The main objecta aimed at by the 
inventor have been to produce an engine running so regularly thai 
it can be utilised for electric lighting, and to obtain n wcirking 
impulse every revolution, instead of every two revolaticina, <^ 
the crank. In a trial made on an 8 H.P. engine, the highest ex- 
plosive pressure was 8*0 atmospheres, and the oonsumptwm cif 
gas (French) 33 cubic feet per LH.P. per hour. The indieator 
diagrams show a low explosive pressure, but comparatively great 
expansion. By adjusting a screw on the governor, the balls esai 
be raised or lowered, and the speed varied from 4<l to 160 
revolutions per minute. Drawings of this engine will be iouMkd 
in Witz and Chauveau. 

Forest. — A new variety of the Forest engine, ih;%cri\i0^\ at 
p. 71, was brought out at the Paris Exhibition of 18^9. Ift 
this motor M« Forest has a/iopted the usual method of oms- 
pression of the charge Ijefore i^itioo, the l>au de R/x;lias cyele 
is used, and an explosion ootaine^J every oth«rr r^^olatioo. 
There is a single horizontal cyliiid<?r, having two mot//r pistoas 
each attadied to a lever, and moving in opposite dir»«taoiis. 
The crank shaft is aljove, and m driv^m \ty two cr/nn^^cting-rodSy 
and two cranks 1^0"^ apart. The c\%z,r^/i ih a/lmitt^j in ih^. 
space between the pistons as th^y move out^ ompr^wi^l U> 
5 atmospheres, an/i ignit^i el^sc-trically, lb*: fXpk/«tiora XMk^M 
place between the two f»i.«//TiJi, forcin^^ th^n ^ikjont^ ar«^J a^^ts 
through the levers uy^:. the two crankji. (ir*aiUrr tt0>m\*T*rfmffU 
is thus obtained, brit oth-^rrwlv: the f^w^u*-, t\fM^ j%fA n^^n t// hare 
much to recomm^ritd i*. It is a rofu]fSu:t lif.l^ ttioU/r, Ynt i}»^r^ 
are a good many m^j'^iz.z J^rt*. A drawing wjJI 1^ ir/of^J in 
Witz- M. For*a»t haA 'kv-'/V-d hi;* ;^\U:u'aou turn", peuti^pahulj to 
marine and yfr^.rfA*^tti er*/;rji*<*, with r^/ft-rn^M.^. inf^vm Mi*4 
automatic startir^ z'^^r. T..^^v: Wi.i r,^ f]*^:ri'r^!i ir» tf*> ^/iJ 
engine section. 

HieL— Tn^ N'>'.. wKxh f,r^* Ar/;>54>r'^i v. f/r»^ P*H? Kzf.i%TW/ri 
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oonsiBts of a conical revolving valve whicli, when brought to 
(koe tliB cylinder [lorts, governs the atlinission and compi-easion 
of tho charge. The gaa and air enter the cylinder through 
opnnings in the valve. By this rotatory movement the charge 
ia drown in, iisunlly in the proportion of 1 of gas to 8 of air, 
liy the forward stroke of the piston. To reduce the shock, 
und make the engine work more Emoothly, udmisEion lasts 
only during two-tbirds of the first forward stroke and the 
oharge expands slightly duriog the last third. Thus admis- 
sion is less in proportion to expansion, but this advantage is 
counter-balanced by the correapondingly smaller compression. 
The effect of this variation from the usual cycle is seen in the 
diagntm, where the ndmission line falls at the end slightly below 
atmospheric pressure. In the relam stroke the conical valve 
opens comniunicatioR between the contents of the cylinder and 
tfie hot ignition tube. It is during this period of compression 
and explosion, that tho difficulty of preventing leakage is ex- 
perienced with all elide and rotating valves. M. Niel obviates 
it in an ingenious way, and even turna it to account. A thin 




Fig. 7(>. — Niel Eoginc — Sectional PI&d. 



metallic diaphragm in the conical valve is so arntnged, that 
it is acted upon by the pressure of the gas in the cylinder. 
Thus the valve is made to fit more closely in its socket when the 
pressure in the cylinder is at its maximum, the pressure on the 
conical part is then greatest, and leakage is minimised. The 
discharge of the gases does not take place through this valve, but 
through an ordinary vertical lift valve, opened by a lever below 
' " I cylinder, and a cam on the side shiift. fig. 76 gi^w i^ 
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elevation of the Niel engine, allowing the side aliaft nnd method 
of ilriving it, tlie conical distributor, ignition, and oiling ap- 
paratus; the exhaust is on the opposite side of the cylinder. 

The oscillating governor consists of tliree arms, one of ihem 
weighted, moving round a, Exed point. Under normal working 
conditions, one of the arms at <vich revolution reaches and opens 
the gas admission valve ; but if the speed be too great the arms 
are thrown out of position, the valve is misBed, aiid no gas 
admitted. The speed is regulated in somewhat the siime way as 
in the Sira|»lex pendulum governor. Drawings of all the 
different parts of thia engine, and a. complete description by 
M. Auguste Moreau, will be found in Voiaptet Itendua de la 
Saeiete des fni/cnieara QiviU, October, 1891. 

Trials. — A scries of ciLreful experiments upon a 4 H.P. nominal 
Niel engine were made by M.Moreau. An indicator diagram taken 
during the trial is given 
atFig.77. Thetemper- ; .. . 

at u res of the gases and 
of the water in the jacket 
were d<;termined, and 
nothing was omitted to 
make the experiment as 
complete Jis possible. M. 
Moreaii found that, when 
running at IGO revolu- 
tions per minute, with *''8- 77.— Niel Engine— Indicutor Diagnun. 
a maximum pressure of 

12 to 14 atmospheres, the mean consumption of Paris gas was 
'27-2 eubic feet per hour [ler 6.11. P., but the engine was of an 
early type, and the construction has since been improved. The 
mechanical efficiency was 75 to 8') per cent. The Niel engine 
is compact, and works regularly and quietly. More than one 
hundred of these motors, a large number for France, are said to 
bo now made in the course of the year, but mostly for small 
powers. 

Lalbin.— The Lalbin exhibits a new and ingenious type 
of gas motor, with three cylinders, >L Lalbin'a object has 
been to construct an I'ligine small in size, combining the maxi- 
mum power with lightness, and his S H.P. motor weighs only 
770 lbs. ; he has also succeeded in making it reversible^ and 
applicable to gas, oil, or carburetted air. It is a four-cycle 
engine with three motor pistons, all working upon the same 
motor crank through connecting-rods, with their three cylinders 
arranged equidistant round a circle. The complete cycle is 
carried out in each cylinder in two forward and two return 
strokes, and is so arranged that three motor impulses are im- 
parted to the crank during two revolutions, and therefore a 
small flywheel is sufficient. The motive power is more uniform 

n 
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than is usual in gas niotorB, and only one-sixth of a revolation 
interrenes between each stroke. Fig. 78 gives a. sectional 
aleration of the Lalbin engine, showing the three cylinders and 
pivtons, with the crank in the centre. Each cylinder is coni- 
|d>te in itself, and has its separate valv^a for admission, 
iipiition, and exiiaust. Th>- admission valves are automatic; 
t«be ignition is used when the engine is worked with gas, and 
electricity when driven with carburetted air. These featarea 
are to be found in other engines, but the cjthauat valves are 
original in design. They are opened by a cam on a disc revolv- 
ing with the crank shaft, but as they require to l>e lifted only once 
every other revolution, an ingenious hit-and-niisa contrivance 
has been adopted. During one revolution the valve-rod misses 
the disc, the next tinie it fits into il, and the exhaust is opened. 
The engine is easily reversed by turning the disc in the opposite 
direction, and making the ignition of the charge take place a 




Fig. 7S.— Lalbin Engine— Sect [onul Elevati 



little sooner. The Lalbin is a new engine, and still on its trial. 
Time alone can show whether this three-cylinder arrangement 
has any practical advantage over the single-cylinder type, and 
whether, as M. Witz thinks, the engine hss a great future before 
it. Probably the mechanical efficiency will be low. Full details 
and drawings are given in WitK, p. 31 1. 

The Diederichs engine, manufactured by the firm of Belmont, 
Chubond ir. JDiederichs, at Bourgoin, Is^re, France, will bo 
described among the petroleum motors. It is seldom worked 

VnriouB. — A few of the engines already mentioned in the 
hiHtorical chapters are stUl occasionally made in France. These 
are the Bt^nier, Etincelle, the Noiil, and the Francois. Others 
have only a local reputation, as the Cazal, Delahayes, Poussant, 
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Boger, Letomke ; ]c Roliusie, made at Evreux, and the Mille at 
Lyons. The relatively small number of i;as eogines constructed 
in France, with ihc exceptioB of tie Simplex and the Niel, is in 
striking conirast to the niucb greater number and variety made 
iu England, and is probably Jue to the higher price of fuel and 
goa in France. This iiccounts for the popularity of the Simplex 
engine, which is especially adapted for working with cheap gas. 
MM. Delamarn and Malanrlin are said to supply from oue-tkird 
to one-half the goa motors produced yearly in France. English 
and German engines are also imported. 



f:H AFTER XIII. 

GERMAN GAS ENGINES-THE KOERTING-LIECKFELDT, 
ADAM, AND BENZ. 



Govemgr— HorUoiiial .Motor— Aduni— 



T type — &ax. 



Koerting-Iiieokfeldt, — Next to the Otto, no gas engine is so 

popular or so extensively made in Germany ae the Koerting- 
Lieckfeldt. It was tirst brought out in 1879, and is, therefore, 
ow o( tho oldest Gurviving gas motors. Since then many im- 
])rovemcnts have been introduced, and the mechanical details 
are constantly undergoing alterations. It has hi^en shown with 
Bucct^ssive modihcatioDS at nearly every exhibition during the 
last ten years. Nevertheless there are two or three important 
and original features which re>appear in the different types witli 
scarcely any variation. The chief of these are the vertical dis- 
positi'JH of the cylinder, the method of ignition, and the regulation 
of tlie speed. 

The principal ailvantages of vertical gas engines consist in the 
smaller Qaor space occupied as compared with horizontal motors, 
their smaller weight and greater simplicity. For this reason, 
since space is ofWn of importance, vsrjiius attempts have been 
made to utilise the vertical type, and make it work satisfactorily. 
Of these the most successful is the Koerting-Lieckfeldt, hut, 
in common with all other motors of this class, it has some 
defects. Engines with vertical cyltndi-rs have not generally been 
found jtractical for larger {lowers. while for medium and small 
powers there is a good deal of vibration at high speeds. If a 
motor giving more than shout 10 H.P. is required, either » 
second cylinder must be added, or the engine made horizontal. 

The method of ignition in this engine is by propagation of 
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flame in a special conical tube. At the time of its first intro- 
duction bj MM. Koerting and Lieckfeldt it was a novel idea, 
though it has since been extensively copied. It is based on the 
principle described in the following terms bv ^f. Chauveau : — 
*<If a certain volume of gas communicates through a conical tube 
with the atmosphere, its largest diameter being open to the air, 
and if the gas be allowed to escape at a certain speed, the 
pressure in the tube decreases towanis the mouth, where it will 
be about equal to the atmosphere. If the gas as it issues from 
the tube be ignited, the flame will spread back to the point where 
its speed of propagation equals the velocity at which the gas 
is escaping. Here it will remain stationary unless, at a given 
moment, the mouth of the tube be suddenly closed, when the 
remainder of the gas will ignite, and a jet of flame be projected 
into it." The principle has been utilised with excellent results 
to ignite the gases in this engine, though ordinary hot tube 
ignition is also employed. 

The third novelty introduced is the method of regulating the 
speed. If the normal number of revolutions be exceeded, the 
governor acts upon a lever, one end of which keeps the exhaust 
valve open, whUe the other holds a return valve in the mixing 
chamber closed. To govern the speed by thus acting on the 
exhaust, is only applicable where the gas and air are admitted 
through an automatic lift valve. It is the vacuum caused by 
the discharge of the gases which lifts the admission valve, and 
allows a fresh charge of gas and air to enter. If a return valve 
is used, to prevent the ignited gases from striking back into the 
mixing chamber, it acts only during the pressure of explosion, 
and does not lift if the exhaust be held open by the governor. 
To make it close more securely, however, the inventors of this 
engine have added a lever to hold it down. The result is, that 
not only pure air, but the discharged products are drawn into 
the cylinder at the next stroke, and this continues till the speed 
is reduced, and the governor releases the exhaust valve. 

There have been two distinct periods in the construction of the 
Koerting-Lieckfeldt engina In the original type of 1881 an 
auxiliary pump was introduced, the four operations of admis- 
sion, compression, explosion plus expansion, and exhaust were 
divided, as in the Clerk engine, between the two cylinders, 
and an impulse obtained at every revolution. The two vertical 
cylinders (pump and motor) were placed side by side, the 
motor piston working upwards on to the tirst crank on the 
main shaft, the pump being driven l)y a secoiul crank on this 
shaft. Between the two cylinders >vas an automatic lift valve, 
a return valve, and the ignition chamber, all similar in con- 
struction and arrangement to those in the present engine. The 
exhaust valve was on the opposite side of the motor cylinder. 
The down stroke of the pump compressed the gas and air, 
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and the pressure lifted the aJmissinu valve. The chnrgo wfl» 
driven through it, snd past the return valve, and ignited in the 
lighting chamber, the force of the explosion driving up hoth 
pistons. The mixture pxjHinded in the motor cylinder, doing 
positive work on the piston, while the pump drew in a fresh 
charge. Professor Schoitler is of opinion that this arrangement 
must have hod one disadvantage. Owing to the pressure of the 
gases in the pump, there was jirobabljr some lenkage past tha 
return valve, which could seldom be made sufficiently tight to 
preveut h portion of tlie flame from sliooting buck into it. Tha 
method of governing the engine was original. If the speed was 
too great, the ball governor opened communication between the 
pump and a reservoir, into which i>art of the compressed charge 
was driven, and where it remained stored np. The pump 
clearance space whs thus enlarged, and its compression space 
reduced, and at the next stroke the pump drew in a smaller 
charge. This increase of the clearance space by the addition of 
the reservoir continued till the speed of the engine had fallen 
to its normal limits. The construction of this engine, drawings 
of which will be found in Schottler, has now been given up for 
that of the new type, brought out in 1888. The style of the firm 
has also changed, and it is now known as Koerting Bros., of 
Hanover ; the present engine is called the Koerting. 

Type of 1888. — In this motor the fourcycle of Beau de 
Rochas has been adopted, giving only one working stroke in 
four. There is a single motor cylinder, and in other respects 
the engine is very similar to the rnmiliar Otto type, except in 
the ignition and governing, and in the vertical form of the 
cylinder. Fig. 79 gives a aeeiionai elevation, and Fig. 80 ft 
sketch of the method of ignition. In Fig. 79 the organs of 
admission, distribution, ignition, and exhaust are shown, ranged 
side by aide towards the bottom of the cylinder. A is the motor 
cylinder, P the piston, d the connecting-rod, working direct on 
to the crunk shaft K. Ail the valves, with the exception of the 
admission valve, which is automatic, are worked from a rocking 
shaft, u, running horizontally afiniss the engine, and containing 
two levers. The crank shaft carries at the end a wheel e, gearing 
into another below it, /, of twice the diameter. With the latter 
revolves a, second auxiliary shaft c, carrying two cams, 8 and 8,. 
These cams work, S, through the lever T, on the valve-rod R,, 
and the ignition lulie I, 8 through lever V on the valve-rod R, 
lifting the exhaust once during a revolution of the shaft c, or two 
revolutions of the crank shaft. Both the valves are, therefore, 
opened once in every cycle by the cants, and closed again by 
springs. 

One valve chest encloses the valves for admission, distribution, 
and ignition. I is the ignition chamber, £ the exhaust valve. 
The air enters at II from the base of the engine, in the direction 
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It 13 a special feature of the KocrCiog cngiiiB that the charge is 
thus said to be perfectly mixed, tostead of catering tlie cylinder 
in stratified layers, as in the Otto. As the governor acts upoa 
the exhaust, instead of the gas valve, the quajitity of gas and 
entering the cylinder is always in precisely the same relative 
proportions. The charge then jiasaea into the cylinder at 
automatic admission valve N^ being closed, and the I'eCurn valve 
M held down on its seat. As soon as the down stroke of the 
piston compresses the f;uses intu the ignitionchamber, the valve M 
rises to prevent the flames from shooting back into the mixing 
chamber. Fig. SO gives a sketch of the method of ignition. 
small chamber communicating with the motor cylinder is in two 
hollow divisions, the lower f> tilting into the upper d. The 
larger d has an opening ut the bottom, h, and a transverse groove 
above, V, opposite to which is th« external flame li. The lower 
pieue b usually rests ujxm the support d' and between it and d is 
a small lingitudinal space or aperture, m, funning a continuation 
of A. Enclosed within d unit i is a cone-ahapuil tulio in two 



; the 



i hollow. 



nd tapers 



towards 

during the compression and explosion of 
the gases with the motor cylinder through a. 
At other times the connection between the 
ignition chamber and the motor cylinder is 
shut off. ti and </ are the stationary, and 
r aud b the moving [larts. Before tlie end 
of tlie down compression stroke, the pres- 
sure of the gases drives up b, closing the 
passage m, while the solid cone r is lifted 
by the valve-rod Ilj (Fig. 79). The lower 
piece having left its support d^, the com- 
pressed gases rush up the narrow end of 
the cone s, and ignite at the flame B through 
the groove o; r is now driven down by the 
cam on the auxiliary shaft and the valve- 
rod Bj, and the part 6 descends, leaving the 
passage m free. The mouth of the cone 
being suddenly closed, while the compressed 
gases are still entering fi-om below, the flame 
shoots downwards until the pressures are equalised. The ignited 
gases rush out through in and h, and fire the remainder of the 
charge. The pressure of the explosion iirmly closes the return 
valve M. 

Governor. — The exhaust valve E is worked by the valve- 
rod R, ill the same way as the ignition valve by V.^, except when 
acted upon by the governor, as shown in Fig. M. Upon the 
auxiliary shaft c is n weiglit, h, revolving at the same speed 
as the counter shaft round a fixed point, anil held in position 
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by a spring, t. If the itpeed ia normal, the weight does not 
interfere with the working of the valve, which Is regularly 
opened once in every revolution of c by the cam S. But if the 
proper speed be exceeded, the weight rotates too rapidly, pro- 



jects outside the plane of the wheel, i 




Pig. 81.- 



id pushes forward a bell 
crank, I, carrying a notch 
at q. This notch catches 
in a projection on the 
k-ver V at the moment 
when it 13 pushed down 
l>v the cam S ; the lever 
f and the valve-rod R are 
raised, and the exhaust 
valve lifted. Until the 
sjteed is reduced, and the 
weight sets the catch free, 
the lever cannot release 
the valve, and return to 
its original position. At 
tiie same time, the open- 
of the exhaust valve 
rnrsea the left arm of a 
rocking lever, shown at G, 
Fig, 79, and the other arm 
holds the return valve M 
', enter the cylinder until 
the lever G regains its 



closed. No fresh charge can, therefor 

the exhaust valve-i'oJ being releas<-d, 

poBiliun. During this time only the products of combustion 

will bft drawn by the suction ot the up stroke into the cylinder. 

In some cases the cooUog jacket water is a difficulty. To 
meet this case, the inventors have introduced an apparatus for 
economising tlie supply, which occupies little space, and can be 
fixed ugainst a wall near the engine. It consists of a series 
of (tast-iron pipes with external ribs, into which water drawn 
from a. reservoir is sent, nod passed on into the cylinder jacket. 
As soon as the cylinder becomes hot this water rises into the 
upper part of the pipes, and ia replaced by cooler water. Be- 
tween the pipes ami ribs a circulation of air is induced, thus 
cooling the water, which can be used continuously for hours. 
The hot air is either discharged into the atmosphere, or used to 
warm the building. The oiling of the engine is effected auto- 
matically in the usual manner. 

HotIzoilW — HM. Koerting have lately brought out 

a new horito 'of the usual fourcycle tyjie. In this 

engine hot fr ■'» ia used with a Bunsen burner. An 

outer porceli 'ery small inner platinum tube, kept 

at a red be i compression stroke the tube com- 

municates t rith the outer air, discharging thd 
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products of coin bit Bt ion, Thn velocity of tlie gas ent<?ring the 
ignition chamber is said to be so grent. that the dame does not 
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spread baclc into the cylinder until the outer valve is closed, 
wlien it ghools forward, ignitin<^ the reniuiDder of the charge. 
The valves resemble those of the vertical engine, except that 
they are worked by eccentrics on the crank shaft. There are 
three valves ; the first is nutonintic, and through it the gas and 
air enter the mixing chamber, the second admits them to the 
cylinder, the third is the exhaust. A lever acted upon by the 
pendulum governor works, as already described, between the 
exhaust nnd the adniiHsion valves, and ns the one is lifted it 
holds thfl other closed. The weight is carried on the eccentric 
Cloning the exhaust valve. If the speed becomes too great, it 
acts through levers upon a notch catching in the exhaust valve- 
rod, and prevents its closing. As the ecei-ntrics revolve on the 
cnmk shaft, they wnuld, if not prevented, npen the v;ilves at 




every revolution, instead of every other revolution. An arrange- 
ment has, therefore, been adopted with the exhaust valve eccen- 
tric, somewhat similar to that in the Lalbin engine. A toothed 
wheel revolves on the eccentric- rod, which is made hollow, and 
contains a smaller rod within it. By means of a rotating disc 
the inner rod is made to fit successively into the hollows, or rest 
against the teeth of the wheel, and the action is communicated 
to the eccentric at everv other stroke. The other eccentric acta 
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as tisual, but the c)ia.rge is only ignited once ia every two revo- 
lutions. Fig. 142 gives an elevation, and Pig. S'2a an end view 
of this horizontal motor. 

The Koerting-Lieckfeldt engines have been tested several 
times. Experiments were ni!«de in Germany by Professor 
Schubtlev on one of the original type, with motor cylinder and 
pump. The engine was a. i H.F. nominal, 2'IS B.U.P., and 
showed a consumption of 45 cubic feet of ^as per B.H.P. per 
hour. The new type lias yielded reaulu as favourable as those 
obtained with any other compression engine. The most im- 
portant tests were made in 18SJ and 1890 by Profeaaor Fischer. 
A 10 K.P. nominal engine gave a consumption of 23 cubic feet 
of gas per B.H.P. per hour, and the same ligurcs were obtained 
with a 20 H.P. engine. Few giis engines up tu the present time 
have worked more economicRlly. A I H.P. tngino tested at the 
Goilitz Exhibition in IStiS by Professor Levicki, of Dresden, 
consumed 34 cubic feet of goa per H.P. per hour. Details of 
these and of other experiments will be found in the table, p. 402. 
MM. Koerting httve not been behind others in utilising Dawson 
gas, and three of their engines, with a tutal of Gli H.P. nominal, 
are driven by it at theii' works near Hanover. 

Adam. — The Adam gas engine, constructed by the Blaschinen- 
Baii (.iesellschall, at Munich, from the jiuteuts of Mr. O. Adam, 
reseijjbles the last engine in many respects. Ignition is effected 
by piopagatioii of llame ; the governor acts on the exiiaiist valve, 
anil the jiroducts of combustion are re-introduced into tite 
cylinder instead of a fresh charge, if the speed in too great. The 
makers of the Adam, however, claim these details as the result 
of independent invention. Like the Koerting llie engine is 
vertical. Tiie smaller sizes are single cylinder; in ths larger 
types two cylinders ai-e used, as shown in Fig. 8G. 

The Adam is of the usual four-cycle sinful e-ucting type, and there 
is one working stroke for every two revolutions. Fig. 83 gives a. 
sectional elevation of a single cylinder motor. The valves are 
worked in the same way as in the Koerting by a small auxiliary 
shaft K, driven from the crank shaft. K by spur wheels two to 
one. The organs of admission, distribution, ignition, and exhaust 
are arranged side by side, aud shown to the left in Fig. )i3. 
Qas and air are admitted into the ,uixing chamber,, the gas 
from above, the air from below. Tlie admission valve is conical, 
aud the stream of gas is directed into a chamber, where 
it is thoroughly mixed with the air. Another automatic 
valve then lifts to admit the mixture through the wide pas- 
sage 6 at a certain pressure into the cylinder A with piston P. 
The CI) ust rue tors lay much stress on the width of the passage 
b, and the delivery of the gaa and air nt a pressure of several 
atmospheres into the cylinder. This pressure completes the 
thorough mixing of the charge, and the makers declare thftt. 
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without it, the hi);li explosion pressures and ronsequent increase 
in work done on the piston cannot be obtained. If the charge 
is jierfectly niixeii, an ignition preESure of 10 to 18 atmospheres 
is possible. The gases, already compressed, being drawn into 
the cylinder liy the up stroke of the piston, the next down stroke 
drives them into the ignition chamber H, where theyaie ignited 
and force up the piston ; the second down stroke discharges the 




Fi^. S3. — Adam EugiuB— Sectiooal EleFatioii. 

products tlirough the exhaust at E. The ignition-rod S and 
exhaust valve-i-od Sj are driven from the auxiliary shaft Kj, and 
are kept in position by springs t and ('. 

Although the principle of ignition by propagation of the flame 
has Ijeen applied to the Adam engine, the details are worked out 
in an original miinner. The ignition chamber consists of a hollow 




ADiil GAS ENGINE. 173 

tube or cylindrical valve, V", enclosed witiiin another in whicb 
works a smnll verticiil piston, p. The bottom of the outer tube 
is pierced with holes passing through into the passage b and the 
compression spacM of the cylinder; the top is open, and com- 
municates with an external tiame B. At the moment of ignition, 
the compressed gases from the motor cylinder enter the tube 
through the passage b and the holes, while the small piston ji is 
in its highest position. The down stroke uf the motor pisUin 
drives them up the tube till they meet the Same at the opening 
</, and are ignited. The valve piston now descends, closes the 
opening J, thus shutting off communication between the Hame B 
and the ignited gas in the tube, and drives down the cylindrical 
valve, A small orifice at the bottom, opening into the com- 
pression channel b, ia thus uncovered, and the flame, cut off from 
upward progrcs.?, shoots through it into the remitinder of the 
compressed giises, and r«|)idly ignites the whole (oom|>are Fig, 80), 

TliB speed is regulated by the ball governor, which keeps the 
exhaust valve open a shorter or longer time. Tlie governor U, 
shown in Fig, 83, at the top of the engine, actuates the valve- 
rod Sf. The counter shaft Kj carries two cams of different sizes 
for working the exhaust, and a hollow for the ignition valve. 
The two vah'e-rods end in a roller, e, just below the counter 
shaft. When the hollow in the cam is brought round to the 
rotl S, working the small valve piston j), the rod is allowed 
to rise, and with it the piston, and the gases ignite. During 
the remainder of the revolution the rod and piston leave the 
hollow, and are driven down, and no ignition of the gases at 
the external flame B can take place. The exhaust valve-rod ia 
usually opened once in every revolution of the counter shaft by 
the smaller cam. But if the speed be too great, the balls of the 
governor rise, and shift the roller « from the smaller to the 
larger cam. Thus the exhaust remains open during half a revo- 
lution of the shaft K,, or while the piston makes one down 
stroke (exhaust), and the next up stroke {admission of the 
charge). Meanwhile the automatic admission valve cannot rise, 
being held in position by a strong spring. The suction of the 
piston failing to draw in a fi-esh mixture, the gases of combus- 
tion are re-admitted, and continue to enter till the speed is 
diminished, and the roller released and transferred to the smaller 
cam. 

The constructors of the Adam have also introduced a 
twin-cylinder vertical engine for larger powers, A 25 H.P, 
motor of this kind was shown at the Munich Exhiliition in 188S; 
and another of 30 nominal H.P., with four cylinders, at the 
Frankfort Electrical Exhibition in 1801. The latter was of the 
same type as the twin-cylinder eugine, with double the number 
of cylinders. Fig. 64 gives a view showing a sectional eleva- 
tion, Fig. 85 a plan, and Fig. 8G a section through one pair 
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of cylinders. The criinders arc placed diagonally to each other, 
and the makers consider this disposition advantageous ; the 
centre of the axis of each is in line with the centre of the crank 
axis. The four pistons work opposite each other in pairs on to 
two cranks 16U' apart, and one crank shaft; the up stroke of 
one of the pair of pistons in alwavs more rapid tlian the corre- 
sponding down stroke of the other. Thus the engine, instead of 
being a four-cycle, is virtually a two-cycin motor, and there is 
an explosion beneath one piston of each pair, every time it posses 
the deaii point. The valves for admission, ignition, and exhaust 
■ re the Game ns in the single-cylinder engine, and are ranged at 
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either end, at right angles to the cylinders. Pigs. Si and 85 
show the arrangement of the parts ; the flywheel is in tlie centre, 
witli two cylinders on each side. The admission valve is auto- 
matic, the air enters from the base of the engine, through holea, 
into the seat of the valve, the gas from the side. The dis- 
tribution valve, Fig. 84, ia lifted from its seat at each stroke 



of the piston, to admit the thoroiiglily mixed cliarge into the 
cylinder. On the leftof tlifl Bfimo drawing is shown the ignition 
■valve and rod, and the method of tiring the charge, wliinh is 
similar to that in the singlc-cvlindtir engine. The ignition and 
exbaast valves nrc worked by rods front the nniall counter shaft; 
the latter runs nt right angles to the crank shaft, from which 
it is driven hy wheels geared in the usual way. The counter 
shaft carnes canis, ncting upon rollers, iil the top of ihe exhaust 
and ignition valve-rodx. There is a hall governor to each |)!iir 
of cylinders, the action of which is the tuime us in the single- 
cylinder engine. 




Fig, 85.— Aiium Twin-Cylinder Engine. 



Fig- 86. 



The most important trial made upon an Adam gas engine was 
carried out by Professor Schroter, of Munich, in ltfS9. The 
twin-cylinder engine tt^sted wag of 11 brake H.P., making 174 
revolutions per minute, and showed a gas consumption of 31 cubic 
feet per B.H.P. per hour. Other and later experiments made 
upon different sizes of engine up to 12 H.P. gave better results. 
Details are ^ven in the Table of Trialsi. The lowest consump- 
tion of gas was obtained at Nuremberg in 18SS, where, with on 
engine of 1172 B.H.P., the consumption was 27 cubic feet of 
gas per RH.P. per hour, inclusive of the externa! flame. 

Beii2. — One of the most important nnd best designed of 
German engines is the Benz, patented in Iti84, and cnn5truct<'d 
by the Rheinische Gas-Motorea Fabrib at Mannheim. In it 
the problem is again treated, how to obtnin a motor impulse for 
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every revolubion, wilhoiiC the additional complication of a second 
pump ojlinder. The liss of j-vower and want of regularity of four- 
cycle engines, giving »n explosioa only every two revolutions, 
is thus avoided. In the opinion of Professor Witz, the difficulty 
is more completely und SHtisfnctorily solved in this than in any 
other engine. Tiie chief novelty is the introduction of a charge 
of compressed air, to aid the piston, during its return stroke, in 
driving out tbe products of combustion. This arrangement is 
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found to work well, but it nntails a small pump to compress the 
gas, and a separate receiver, from which the compressed air is 
admitted into the cylinder. 

Fig. 8T gives an elevation and Pig. 88 a plan of the Benz 
«ngitie. A is the liorizontal motor cylinder closed at both ends, 
in which the piston P works, A, the small gas pump with 
plunger piston Pj. The air receiver in the base of the engine B 
is shown at Fig. 87, and D is the pipe through which the 



comproHsed air passes to the cylinder, 8 is a alido valve, 
worked bj eccentric g on the crank shnfC, tlirough which and 
the port m the air is drawn, in the first instance, into the 
front part of the cylinder. During the next forward stroke, 
the side of the piston next the crank compresses it into the 
receiver below, from whence a charge of compressed air enters 
the back of the cylinder through D and the lif^ valve a. E is the 
exhaust valve, c the electric ignition wires. The two valves a 
and E are worked from the crank shaft by an oblique rod 
indicated by dotted lines in Fig. 87, a lever, C, and a small 
oscillating cam, d, which at a given moment pushes up the valves 
from their seat. The piston Pj^ of the gas pumj) is tixed by a 
transverse bar, I, to the crossheail, and moves with it. The gas 
i^ admitted into the pump A, through a valve connected to the 
governor, which mises it for a longer or shorter time, according 
to the speed. The return stroke of the pump compresses the 
gas into the motor cylinder, through a passage and the lift 
valveyl This valve is held down on its seat hy a spring, except 
at the end of the pump stroke, when it ia pushed up by the 
projection g, acted upon by tlie lever n and eccentric A on th» 
main shaft. For the compression of the air into tlie receiver the 
front part of the motor piston is utilised. Air is drawn in during 
the return stroke at the eni. of the cylinder nearest the crank, 
and compressed by the next forward stroke into the receiver, an 
arrangement which has been described in several other engines. 
This ail' is intended to act as a cushion in front of the piston, to 
keep the cylinder cool, and deaden the shock of explosion. The 
electric ignition is obtained from a small dynamo, and a Ruhm- 
korff coil. The mass of the engine is connected to the negative 
pole, the wires are insulated in a porcelain rod which projects 
into the cylinder at e, and contact between the points is 
established hy levers working from the crank driving the 
exhaust and air injection valves, 

Bflnz Working Method. ^The action of the engine is as 
follows: — The piston being at its inner dead point, and the 
Gompri>sseil charge behind it, ignition follows, and the pisUin 
is impellud forward. The gases expand doing work, and at 
the same time the air in front of the piston is compressed 
into the receiver, and the gas pump in its forward stroke draws 
in a charge of gas. Near the end of the forward stroke the 
exhaust valve is opened at E, and the pressure instantly 
falls. Shortly after, when the energy of the flywheel has 
carried the piston over the outer dead point, the air valve at 
a is lifted, and a charge of compressed air is admitted. The 
gases of combustion are driven out before it through E, and 
the cylinder so thoroughly cleansed, that, by the time the 
piston has passed through half its stroke, nothing hut air ia 
left, and the valves at a and E close. The piston now com- 
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presses tb* air in front of it. Mid just before the end of tba 
stroke the gta admisaion valve aty is raised, the gaa ami air, 
already coiiipreue<], mingle, and at the dead (loint the electric 
spark tires the charge. It Ehould be noted that this cyda 
utilises the tw» sides of the pist/>n, a constant pressure i« 
maintained in the air chamber, and the indranght of fresh air 
certainly helps to keep the cyliniler cool. The nhole of the 
forward stroke lieing spent in expansion, nnd the discharge 
ailmission, and compression of the gases being carried ont 
during the return stroke, great ex|iansion is obtained in 
proportion to compression. The action of the engine ia 
ingenious, and it is said to work well, with great regularity of 
ignition, owing to the purity of the charge. As, however, the 
exhaust o[ienB shortly before the completion of the expanaioa 
stroke, and the pressure in the cylinder is rapidly reduced, 
expansion must to a certain extent be checked, and the gasea 
discharged at a comparatively high pressure and temperature. 
It is probably due to this, and to the number of the parts, that 
the engine, notwithstanding its excellent cycle, does not work 
with (treat economy. 

Triala.— .A. series of experiments were made u|ton a 4 H,P. 
Benz engine at the Karlsruhe Exhibition in 1886. The meaJk 
number of revolutions when running full load on was 153, broke 
H.P. 5-61, nnd total consumption of g^a per B.H.P. per hour 
25 cubic feet. Tlie proportional consumption was considerably 
higher when running empty. A gas consumption of 23 cubic 
feet per I.H,P. per hour has been claimed for it 



CHAPTER XIV. 
OTHER GERMAN ENGINES. 



Daimler. — This engine is constructed by the Daimler Motoren 
Gesellschaft at Oaunstadt, near Stuttgarilt; the French makers 
are MM. Panhard and Levassor at Paris. One of these curious 
engines was shown at the Paris Exhibition of 18lj9. It has 
several novel and interesting features, the chief of which are 
its great speed, the absence of a water jacket, and the purity 
of the charge, due to the complete expulsion of the pioducta 
of combustion. By employing high speeds, and thoroughly 
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cleansing the cylinder of tlie Viumt gnses, the inventor aimed 
ftt prortucing a light, but powerrul engine. The original motor 
hud one cylinder ; the later type, as now made, is vertical with 
two cylinders. It was introduced in 1689, and is better designed 
and more economical than the first. 

This Daimler motor diflers from most others because alt the 
organs, eren thp 6y wheel, are encloaed in an nir- tight metal 
casing. This casing is intended to protect the parts from dust, 
to keep in the oil, and to serve m a retiervoir, into wliich air is 
introdueod and compressed by the action of tli9 piston. The 
horizontal shaft is below, nt right angles to the axis of the 
cylinders, and passes through the centre of the casing. There are 
two cylinders and two piston.s, placed diagonally at a slight 
angle a)>ove the crank shaft, and working down through two 
connecting rods upon two cranks. The explooion in one 
cylinder is sufHcient to drive both cranks throngh one revol- 
ution. The engine is of the four-cycle type, but the operations 
of admission, compression, explosion plus expansion, and exhaust 
ai-e performed alternately in each cylinder. The gases are 
admitted during tiie down stroke of the one piston, and simul- 
taneously expHnded by the down stroke of the other, which is 
the working stroke. The next up stroke compresses the charge 
in one cylinder, and expels the burnt products in the other. 
Thus there is an explosion and a motor impulse in one or 
the other cyliniler for each revolution, and a complete cycle 
is varried out in each cylinder during two rcvolutiona The 
charge in very rich, the products of combuation being completely 
expelled nt eHch stroke. The flame spreads rapidly through the 
pure mixture, and the speed of propagation is even greater than 
the piston speed. These efl'ects are obtained by means of two 
sj)eeiiil air admission valves. One of these is in the centre of 
each piston, and is lifted by foi'ks during the up stroke, closing 
when the pressure above is greater than that below. The other 
air viilve is at the side of each cylinder, and opens automatically 
to admit nir from without, as soon as the air in the reservoir 
has bpen exhausted through the piston valves. As iMs reser- 
voir lills, the piston-s descend, making their down stroke, and 
coni]>resBing the air below them. Having reached their lower 
dead point, they begin to return, the product* of combus- 
tion being behind the one, and the fresh charge behind the 
other. At this moment the jiiaton valves are lifted. In one 
cylinder the air from below mingles with the fresh charge, and 
is further compressed ; in the other it drives out before it the 
products. 

Figs. 89 and 90 show the amingenients of the parts, A and 
A, ore tlie cylinders, P and P, the motor pistons, C and C, the 
two cranks, K is the crank shaft, and B the cylindrical casing in 
which the cranks are enclosed, resting on brackets ; e and C| are 
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the connectiag-rods. At 0, Fig. 69, ib the automatic valve, 
opening to admit external air mto the reservoir below the 
piatous. The two piston valves Y and Y^ are lifted at each up 
stroke by two forks, I and I,, to admit air from the base or 
reservoir into the upper part of the cylinder. The admission, igni- 
tion, and exhaust valves are enclosed in a valve chest, S, at the 
top of each cylinder. Admission is effected through an automatic 
valve, L, which rises us soon as the exhaust has closed and a 
's formed, and the gases pa.^s to the cylinder through & 
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Fig. SO. 



wide p.iasnge, m. In the next up corapressicm stroke the mixture 
is driven into the Imt ignition tube J and fired, iind during the 
exhaust stroke the gases are dischtirged through the same passage, 
and tlirovigh the exhaust valve E. In the admission and firing 
of the chiirge the fngiiie does not difler miieh from others of the 
four-cycle type, but it has neither cimnter shaft nor eccentric. 
A^^^liy^^d ignition are both automatically obtained by the 
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suction and comiiression of the piston, and the exhaust is opened 
by a vertical valve-rod, B. parallel to the cvUnder, 

As in moBt engines having an automatii: admission valve, the 
speed in the Daimier is regulated l>y the governor actinj^ on 
the exhaust valve, keeping it closed a longer or shorter time. 
As long as it is not opened, the pressure in the cylinder, increased 
by the compressed air from the reservoir, is suHicient to prevent 
the admission valve from rising, and admitting a fresh charge. 
The exitaust rod carries a lever with two arms, r' and r", oscil- 
lating roMod the fixed point r. A small projection, t, on the 
rod R fits into a groove, a, on the disc of one of the cranks, and 
as the ci'ank rises it lifts the valv& This groove is so contrived 
that it only meets the projection on the vaive-roil, and opens the 
exhaust, once in every two revolutions of the crank. Each 
time this occurs, the longer of the two arms reaches and opens 
the exhaust valve. If the speed exceeds the normal limits, the 
governor G on the crank shaft (wshes up a second lever, n, 
terminating in a. projection, n,. Fig. 8D. The projection catches 
in the arm r^ of the lever, as seen in Fig. 90, and holds it 
down. The exhaust valve not being opened, the products of 
combustion remain in the cylinder, and no fresh charge is 
admitted until the speed is again reduced, and the arm of the 
lever released. 

The speed of this engine is from 450 to 700 revolutions per 
minute, and for the power obtained it occupies a relatively small 
s[>BCD. The 1 H.P. engine shown at the Paris Exhibition of 
1889 mnde 71)0 revolutions per minute, and was 3 feet 5 inches 
in height. The cylinders Imvc no water jackets. The chaise of 
cool air introduced at every down stroke into each cylinder 
probably helps to prevent over heating. The Daimler has not 
hitherto been made fur larger powers. Pur small motors, which 
generally consume more gas than larger, it is said by the makers 
to require about 35 cubic feet of gas per hour jier I.H.P. It is 
a convenient little motor, light, and easily handled, and power- 
ful for its size, on account of the great speed at which it runs. 
The casing in which it is enclosed, of course, conceals the 
parts. As they are not easily accessible, and the flywheel 
cannot be turned by hand to siart the engine, a handle is fixed 
to the outside, to set it in motion. Ko trials on this engine 
appear to be on record. 

Diirkopp. — Tiie iJiirkopp gas engine, made by the Bielefelder 
Kahmascbinen Kabrik, is iinother four-cycle vertical engine for 
smalt powers. The cylinder, and the admission, ignition, and 
exhaust valves are in the lower part of the engine, and the con- 
necting-rod works upward on to tho crunk. The crank shaft ia 
above, and carries on one side the fiywheel and driving pulley. 
On the other ia a vertical side shaft worked by wheels two to one 
The valve chest is at the bottom, and all the valves are driven 



W oiaa. Air and gm «* Mlnitted at tit* aSt, *oi pMi mto 
tae BUxtiigch«nber thnpogbmvalre lifted bjkcunnpctt' 
aksft. Tb« Maw otm fcm* up k lem- opening IM < 
The guca of conbutkom an oiadMiged tbroogb aa 
Tslva Btade in tvo paru. larger and naallcr. T« obtain a miKv 
•]uict diacbarge, part of tha gaaes are allo««l to eacnpe thivagh 
tba amaller v^lve, before tbe main exhaust valve opens. Ignition 
ia bjr a hot tube, ibe tuning of «hicb ia nncovered by a caxa 
lifting a tmall v»ke-ro<i. The governor is also placed on tbe 
cannter aluft. The leven connected to the gas admission valra 
are opened by a cam once in every revolution of liiis abaft, bnt 
if tbe normal tpeed be exceeded, tl>e Inlla of tbe governor rise, 
and ahift tbe cam ont of iHuition. The gss valve remains dosed, 
wbolly or [lartially, until the speed la redaced, and tbe Ijaila ialL 
No oii in Baid to I>c rc<]uired fur this engine, excejit for the crank 
■baft and ptaton-ro<l. 

The angina is also made with two cylinders, side by side, 
working at tbe same angle on to the same crank shaft, and with 
two fiywbeela. For larger |>owers, up to 20U H.P., the makers 
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■ two Hy wheels. 



Tbe conaumption of giu u said to b« from 2-i to 35 cubic fi 
per I.H.P. per hour, uud the engine runs from 250 to 140 revo- 
lulionii par mitiutii, Ht-L-onling to ihe size. In estimating the 
pconamlcnl working of foreign engines by their consumption of 
gas, it must not be forgotten that the gas produced on the Con- 
tinent haa generally u lower calorific value tban English gas. 

BrMdAQer OUI<H0t0r.— The gas engine lately brought out 
by tbe Dreidener Gas-Motoren Pabrik {Hille's patent), is a ctim- 
pad and handy little vertical motor, single-acting, and using 
tlia Beau do Itochas cycle, Like many of the smaller engines 
which have apjieEu-ed since the expiration of the Utto patent, 
it adheres very closely in working details to that type. It 
hat the usual sequence of operations, admission, compression, 
explosion plus expansion, and exhaust, each occupying one for- 
ward or return stroke, and there is one explosion for every two 
revolutions. Tho piston-rod and connecting-rod work direct on 
to the crank shaft, A slide valve at the side of tbe engine, 
acted on by a valve-rod froui a counter shaft, effects the admis- 
sion of the gas and air and tbe hot tube ignition. The counter 
shaft is driven from the crank shaft in the iisuiil way, by 
wheels, '2 to I. The exhaust valve below the cvlinder is 
oponod by levers and closed by a spring, as iu tbe Otto engine ; 
it ia woilted from the counter shaft by a separate valve-rod. 
For small powers, from 1 to 6 H.P., these engines are made 
vertical, with a pendulum governor, and run at from 180 to 230 
revolutions per minute. Fur powers from ^ to 30 U.P., a hori- 
^tontal single-cylinder type, making 120 to 180 revolutions per 
luinuti', is used, with a centrifugal governor. Where great 
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regulftrttf is required, aa for electric lij^htinj;, the engines bave 
two cylinders, are in&ile in sizes from 3 to 60 Brake H.P., a&d 
run at a. speed of 150 to 200 revolutions per minute. 

EappeL — The Mascbineu Fabrik Kappel at Chemoitz, 8axonv, 
liHve introduced a gas engine similar in many respects to the 
Otto. It is a single-cylinder horizontal en$;ine, siugle acting, 
and is made for powers from 2 to 6 Brake H.P. The hot lube 
ignition is worked by a small slide valve ; the aJuiission of gas 
and air, and discharge of the exhaust gases are eU'ected by 
ordinary lift valves. All these organs are driven from a counter 
shaft parallel to the crank shaft, and worked from it by 
wheels in the usual proportion. The speed is regulated by a 
spring governor. The engine runs at 170 revolutions per 
miniit«. By merely ndjusting a screw, the number of revolu- 
tions can be greatly incrensed or diminished while the engine is 
running, which is sometimes desirable. The engine stands upon 
a strong cast-iron base, and is Eu^id to be noiseless in action. 
Another single cylinder type is made in sizes from 1 to 12 H.P. 
Dominal, and runs at 140 to \><Q revolutions per minute. The 
GonBumptioa of gas in both the Kappel and the Dresden^Hille 
engines, as given by the makers, is from 'J3 to 35 cubic feet per 
hour per H.P., according to the size of the engine. They do 
not appear to have been hitherto tested by ex]ierts. 

Liitzky. — The Nuremberg gas engine, designed on the Liitzky 
system, is an interesting little motor, differing in several respects 
from the usual t_Tpe. It ia vertical, with the cylinder at the top, 
the piston working down through a connecting-rod upon the 
crank shaft, placed in a hollow conical base plate below. "" 
are two Hywheels, and the inventor asserts that the t 
combines the stability of a horizontal, with the compactne>s ol a 
vertical motor. The valve gear is reduced to a minimum, and 
there is neither counter shaft nor eccentric. Admission is by 
two automatic lift valves at the top of the cylinder. Through 
the first the gas passes into the mixing chamber, the second rises 
to admit the charge of gas and air into the cylinder, but the two 
are so connected by levers that the admission valve can fall, but 
cannot rise without raising the gas valve. The exhaust valve 
at the side of the cylinder is worked by levers and a cam 
on a, small counter shaft, driven from the crank shaft by sjmr 
wheels, 2 to I. The pressure of the gases prevents the gas 
admission vntve from rising while the exhaust is ojien. The 
sp«ed is regulated by a pendulum governor on the crank shaft, 
aa in the Simplex engine. If the speed be normal, the lower 
heavier weight at the bottom of the pendulum ia pushed 
outwards at every stroke by an eccentric on the shalt, and 
returning, releases the levers opening the exhaust from a uotch 
«n a disc, and the valve closes. But if the speed be too great, 
the pendulum weight does not strike against the ecoeamc Id 
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time, the levers remftin fixed in the notch, the exhaust is held 
open, and the gas admission valve cannot rise. 

A 6 H.P. Liilik; engine was tested by Professor Schottler in 
Germany. When running without the governor at a mean speed 
of 200 revolutions per minute, the consumption of gas was 
24 cnbic feet jier hour per H.P. When the governor was put 
on, the engine made ISO revolutions per minute, and the con- 
Muuption Bt half power was 2S cubic feet per hour per H.P. 
Tb^ g&s used was exceptionally rich. Good drawings of this 
engine will be found in the ZcUtrhrift dr» Verrina DmUeker 
Jngrnietirr, August 1*2, 1?91, It is made in sites from 1 to 10 
Brake H.P.. and runs at ISO revolutions per minute. 

Berliner Kttsctiinen-Baii Motor. — The gas engine made by 
ihe Berliner Mn£<-hinen-Bau Gesellschaft, in sixes from 1 to 30 
B.H.F., is of the usnal four-cycle horizontal Otto type, and 
stands on a strong foundation. Hot tube ignition is used, 
there are no slide valves, and the valves for admission and 
eshaost are worked by a counter shaft, at right angles to and 
drivea from the crank shaft. A sensitive centrifugal governor 
r^iilated the qnaniity of gas aaiomatically, according to the 
pDw«r required. The oonsuniption is said to vary with the site 
of the engine from 23 to 3d cutdc^t of gas per hour per I.HJ*., 
and the avera^ speed is from 200 to 160 revulutiooa per minuta. 

SomtMirt.— He Sombart engine, made by the firm of Bus^ 
Sonhart t: Cie., of Magdeburg, and first exhibited in 1^66, is 
0(i« of the older inotors, still retaining the original vertical type, 
and in which the chai^ is admitted and fired throi^fa a slide 
valme. In some respects it resembles the Adam aod the 
Koeitin^. aitd the onlinaiT four-cycle is used. The admiaaiou 
and exhaust valves «eie formerlj driven by spar wheels, 3 to 1, 
Ob the crank shaft -, tbej ai« bow worked by an ecoentric on 
the saate ihafL ne gas and air ai« admitted throogh a slide 
Ttlw arted on by a rod from this e^vcntric, the exhaust is 
apetd faMt it by nenns of a roller and leven. Ignition is 
obtaitrf in the >aae way as in the Wittig k He«s engine 
(ee* fk 61), fcj tbo propSigatMn itf an external Bane throogfa m 
pnmi^ in the slide valve^. ne pccssnre ts eqnalised and the 
flimr pmtected in a sycdal Banner, fiiUy explained in the 
d^Kription of that engine. Rg. 91 gives a v-evtknl section, and 
K^ 9i a ptan of the So«hvt engine ignitwn, showit^ the 
oovering over the internal ftme, slwped liik* an esti 
nnd tfe lanll «AnnneI tkrow^ which it ts led with n 
gasfrnM tfaen'linder. T^ air taten tkro^^ a m«| 
"f '"Ti *^ Mouh of -w^iA is dosed and ndntssion cAmed 
ihro^^ bales raand tke cixcnafeRnee : by this arranyent 
the air is said to he ^nwn in noistlefialT. TWe engine is 
br an iaiilia g s Tvt nor, actiag by the partial or ntal 
aofgns. Inatnlhjt' 
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of a 3'6 H.P. engine whs 30 cubic feet of gas per H.P. per 
hour ; the gas used wuh of poor qimlity. 

MM. BusB and Sontbnrt luy much sti-ese upon two points, in 
the construction and working of their engine. In common with 
others wlio have given attention to the subjecl, they maintain 
that it is more advantageous to run a gas engine at a compara- 
tively low speed, and that the gain in power, obtained by increas- 
ing the number of revolutions, is counterbalanced by the wear 
and tear, and the greater consumption of gas and oil. Few of 
their engines are intended to be driven at more than 150 revolu- 
tions pur minute. They consider also that vertical engines give 
less piston friction, and are better in most respects than horizon- 
tal, and in this opinion most German niiikers of gas motors appetii* 
to concur. The Sombart engines aro said to run with great 
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regularity, owing to the large size of the piston, and length of 
the connecting-rod in proportion to the stroke. They are made 
in sizes from 1 to 13 B.H.P., and run at 151) to 18(1 revolutions 
per minute. Drawings of the earlier tyjie will bo found in 
Schottler, and of the modem type in Witz; in the latter hot 
tube ignition is useil. 

CapitaLne. (Theory.) — Among engines recently introduced, 
an interesting and original little motor is the small vertical Capi- 
taine. The inventor, Herr Eniil Capitaine, is opposed in opinion 
to MM. Buss and Sombart, as regards the relative values of high 
and low B|ieed8, In a paper communicated to the Verein c/ettl- 
atJier Ingmiture (vol. xxxiv. of the Zeittchrijt) he liiatDtains that 
the greater the number of revolutions, the better resulia will be 
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obtained. At th« tame iimc. he advitnces tlie novel jKiint, that 
the piston npeetl may he quite different Truui, and independent 
of, the s]>eed of expanaion of the gases. Thoti^'h usually clasaed 
togethor, the two are not aynonymous, aad thi:-ir eSect is by no 
meiins the game. If an engine be constructed, running at a 
certain Bpeed, with a small diameter of cylinder miU a long 
stroke, the speed of the piston will be Ciinsiderable, and the 
Bpeetl of expansion relatively small. On the other hand, if 
snuther engine, going at the same speed, have a short stroke 
and a large diameter of cylinder, the piston s[>eed will be rela- 
tively small, and the speed of expansion greater. Combustion, 
however, can never be instantaneous, and, therefore, the speed 
of the piston should ho limited to the i-ate of combustion of the 
charge. The Otto engine owes its success partly to the carefully 
designed ratio between combustion and the speed at which the 
gases expand. To every speed of revolution in n gas engine, a 
certain rote of combustion corresponds. Hitherto attempts to 
increase the efficiency have been made by — 1, More or less rapid 
combustion; '2, liaising the temperature of the cylinder waUs; 
3, More perfect expansion of the gases; 4. More complete ex< 
pulsion of the products of combustion; 5, Greater compression. 
All these improvements, combined with a suitable rate of 
combustion, have yielded gooti experimental results. Herr 
Onpitaine is himself of opinion that, to obtain greater economy 
in » gas engine, e^^pansion ought Id be more rapid, and explosion 
pructically instantaneous; the diameter of the cylinder should 
Le increased, and the stroke sliortenetl. 

The d is Ad vantages of running at high speed are — 1, More 
rapid wear and tear ; 2, Uncertain ignition ; 3, Incomplete 
combustion; and 4, Vibration. Against these drawbacks Herr 
Cupitaine sets the gain of reduction in size and coat If an 
engine can be made, without overheating, to run at twice as many 
revolutions per minute as another, its dimensions may be smaller, 
it will be lighter, less expensive, and the cost of transport smaller. 
Hitherto when engines have been tested at high speeds, no great 
gain in economy has been observed. Being constructed to run 
at a given number of revolutions per minute, and their ports pro- 
portioned to this speed, and to a given rate of combustion, they 
cannot be expected to work as efficiently, when they are driven 
at a much higher speed. The whole of the charge cannot reach 
the igniting chamber of the cylinder at the moment of explosion; 
part of it is ignited afterwards, and expands too lute to act use- 
fully on the piston. Herr Capitaine found, when testing an 
engine constructed to run at a high speed that, when niaking 
320 revolutions per minute, an excellent indicator diagram was 
_ obtained. When the speed was increased to 800 revolutions, 

• efficiency was much lower, and diminished in proportion to 
speed. The number of revolutions should not 
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be in excess either of the speed of propagation of the flame, or 
the development of pressure in the gas.* 

CapitBioe Engine. — lathe C'ftpitaiiie the piston speed is the 
same as in other motors, but the number of revolutions, or speed 
of expansion of the gases, is doubled. Another distinctive 
feature ckinied for this en;^ne is that, by an ingenious ari'ange- 
ment of tbe admission port, the incoming charge is kept agmrt 
from the products of combustion, and not allowed to mingle 
with them. The engine is of the single- acting vertical typo ; 
a sectional elevation is shown at Fig. 03. The disposition of 
the valves and working parts is similar to that of the Liitzky 
engine. The cylinder A is at the top, and the piston P works 
down upon the crank shaft K, which, with the flywheel, is 
below. Gas and air are admitted from above through a double- 
seated automatic lift valve. The air enters at 1> and pusses 
down into the wide port through the bottom of the valve at e, 
the gas through the upper seat of the valve at /. The tup and 
bottom of the valve are connected by a spring, », and work 
independently. Before passing through c into the cylinder, tjie 
gas and air mingle in the annular chamber formed by the valve, 
which imparts to them a circular motion of considerable velocity. 
They next impinge gainst a projection, g, and the wide diameter 
of the port checks their velocity, and forces them to enter the 
cylinder in a steady stream. This ia the method also employed 
to prevent the fresh charge from mixing with the gases of com- 
bustion, which are discharged through the exhaust port at tho 
side E. 

The piston having drawn in the charge, the up compression 
stroke drives it into the hot ignition tubu B. This tube is made 
of jHjrcelain, which is said to afford more resistance than any 
other substance to the heat and the high pressure, and is more 
easily kept at an equal temperature. In its passage through tho 
admission port, a portion of the incoming charge is directed at 
once into the ignition chamber. As there is uo timing valve tho 
gases ent«r freely, sud the mixture ia supposed to ignite more 
readily because part of it is already in contiu.'t with tbe hot 
ignition tube. The exhaust valve E is driven by a rod from nn 
eccentric, H, on the crank shaft. Above the termination of tbis 
rod is a hollow lever, into which the projecting end of the exhaust 
Bpiudle lits at every revolution. But it is only at every other 
revolution that a second lever ia interposed Itctween them, and 
the eccentric, pushing u]i both levers, reaches and opens the 
exhaust valveL 

The ordinary four-cycle is used in this engine. The centri- 
fugal governor G is on the crank ahaft, and acts through a 

' tioe oD the )>abje<:t ol tptvH iu Ou Enginea the lommarf of Dr. Slaby's 
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r opening the exhaust. If the 
lud druw the rod outwards. 



rod, r, &ud a catch on t 
Bpeed be too great the I 

The knife edge of the lever misses tlie catch, the exhaust valve 
remains open, and no fresh charge can enter the cylinder, 
till the speed is again reduced witliin normal limits. All the 
wearing parts in this motor are carefully designed, wide and 
large. It is one of the newest engines, and has not yet been 
tested by experts. The inventor claims a considerable economy 
in the consumption of gws. In a trial on a 3-36 B.H.P. engine, 
vith a cylinder diameter of 6-(i inches, nud 6-4 indies stroke, 
and making 300 revolutions per minute, 274 cubic feet of gaa 
were used per B.II.P. ]ier hour. The usual Ki>eed of the engine 
is 360 revolutions per minute. 

The makers have iulroduceJ a special water tank, for use 
where there is a difficulty in obtoining a sufficient supply for 
the jacket. The water circulstps continually from the tank to 
the jacket of the cylinder and back again, and it is kept cool 
by a. small fan. The engine was exhibited ai the Crystal 
Palace Electric Exhibition, 1892, by the English Capiuine 
Manufacturing Company. A motor of the same tyjie has been 
introduced for working with petroleum, and is described 
Part II. 
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GAS PRODUCTION FOR MOTIVE POWER. 

CoN"TESTR.^Gaaei>u»ruel — NBtural tins— CoalCus — Dirtiltation — Combui- 
tiou— Bisuhof's System for Gencraling Una — Tlioniis and Laurent — 
Kirkliam — Siemens — Psecal — Testis ilii Motay — Strung — Lowe — 
Witeon— Lencanchea— DowBoa 

The first attempts to produce gas from coal were made &8 an 
experiment to obtain light, without any intention of utilising it 
as a motive force. The process of extraction was too costly for 
the gas to be employed to drive the motors invented at tho 
beginning of the century, and many were the devices described 
by the patentees, to obUtiu a suitable explosive gas. In one of 
the earliest gas engines, brought out by Street in 1 T94, he pro- 
posed to generate a ga.s to act on a piston by sprinkling a few- 
drops of petroleum or tur]>t:ntine on the bottom of a cylinder 
kept at a red heat. The liquid was evaporated, exploded, and 
drove up the piston. Barber obtained gas for driving his engine 
by heating coal, wood, 4c., in a retort, according' to the method 
now practised in gus works. The process of making gas wa« 
in its infancy, carried out only in large towns and cities, and 
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FraetiaJlj in those 6mj% tberv was no ^ms to be had, 
impDMble to pitMlooe it cbeaplT, for driving small moAonL 

Oaaaooa FnaL — ^As a foel, howerer, coal ^as was naed long 
before iu advantages as a motive force were perceived. Daring 
the firrt half of the oentiny, as soon as the great value of steam 
was recognised, the economical use of coal became an important 
qnestion* Withont foel, steam conld not be generated* bat 
altlicra^Eh this is still osaallv done hv baming coal under a boiler, 
it has long been known that it is rather WHstefoL It is difficult 
by direct combustion to obtain temperatures as high as when 
gsses previously extracted from the fuel are burnt. For chemical 
pnrffoses, where great heat is required, gaseous fuel has been in 
ose for many years. Cheap gas, made in producers or generators, 
is now extensively employed in the manufacture of iron and steel, 
and other metallurgical processes, as being better and cheaper 
than burning the coal itself. A fresh stimulus was given to its 
production as soon as gas engines began to attract public notice 
and favour. It was seen that the maximum economy in drilling 
them could never be attained, as long as they were worked with 
town gas, and inventors have for twenty years laboured to pro- 
duce a cheaper and equally efficient gas. 

There are many ways of extracting gas from fuel. The com- 
position of different gases will be found in Chapter XVII., and 
it is only necessary here to mention, without going into details, 
the different methods by which it is obtained. These consist in 
bringing together, with or without combustion, the chemical 
constituents of the coal and air, carbon, oxygen, hydrogen and 
their compounds. If the hot fuel is moistened with water or 
steam, the quantity of hydrogen is increased ; if air be intro- 
duced, a much greater amount of oxygen is added. In either 
case the carbon in the fuel unites with the oxygen of the air 
or of the water, and more carbonic oxide and carbonic acid 
are produced, than when the gas is formed from the chemical 
elements contained in the coal only. If the fuel is burnt in a 
closed vessel, and steam added and evaporated, the gas produced 
is richer in hydrogen than if air is admitted. When air is 
introduced, the same process takes place, but instead of hydro- 
gen being liberated, there is a large residuum of inert and 
useless nitrogen. 

Gaseous fuel may be divided into four classes, namely : I. 
Natural gas. IL Oil gas, obtained from petrole\im, vegetable 
oil and refuse, shale, fat, resin, «kc. II T. Carburetted air, or air 
saturated with volatile spirit. IV. Gas extracted from coal, 
wood, peat, and other varieties of fuel, either by distillation, or 
with the addition of air or water. In the latter case it is called 
poor or water gas, or producer gas. We will now proceed to 
consider genenJly these four methods of gas making. 



I. ITBtiiral QfVB. — The process of gpnerating gas from co»1, or 
from the regetiible aulwtftncfi wlilcli forms the basis of coal, in 
CTin-ied on by Nature us well «s by man, though on an infinitely 
larger and slower acsli. The gim is prodaced by the heat of the 
farth fvnd the slow combustion i>{ chemical ditcompoRition. Gasen 
exhaled from swamps and commonly known us " wi!! o' the wisp" 
or marsh giis, are only a variety of lighting goa, which when 
artificially produced contuins about 40 per cent, of marsh gus. 
As the decaying vegetation of swamps, bogs, and forests under- 
goes further decomposition or slow corabiialion. a fresh layer of 
soil is formed over it, and it passes very gradually during agea 
of time Umuigh the stages of ]ieat, lignite, brown coal, und 
eventually to coal. Time, the earth's heut, decom posit ion and 
oxidation, and pressure, frequently cause the escape into the 
KtDiosphere of the gases thus generated. Of this the diaastroua 
explosions in mines afibrd an oxaiuple. Alarsh gaa or carbonic 
oxide (usually termed "fire damp" or "choke damp") distilled, so 
to speak, from coal, and at a high pressure, are liberated by 
excavation, and rush into the miuo workings, often with fatal 
consequences. Where the gases lind a natural outlet at the 
surface through fissures in the ground, as in many places in 
North America, and in Russia along the shores of the Caspian 
Sea, they are given off from the earth harmlessly. This natural 
gas, consisting almost entirely of marsh gas, is of excellent 
quality for lighting and heating pui-poses, and contains more 
CHloric than artiliciiilly iimde gas. Formerly it was allowed to 
escajie to wast«, but it is now partially utilised, and furnishes 
the greater part of the lighting gas used in several towns of 
the United States. 

II. and III. The methods of producing gas from oil, and of 
charging air with petroleum spirit (cnrbureited air), will be 
described in the second part of this work, 

IV. Coal Gao. — The gas used for lighting and heating is 
exti-aoted fi'om coal in two wnys, either bv — 

1. Distillation, or the application of external heat to the coat 

2. Combustion, or actual ignition of the coal. 

Distillation produces a much richer gas, and is thn procew 
nniversally used in gns works. The cheaper und inferior kinds 
of gas, such as water or ]iro<Iucer gas, are obtiiined from com- 
bustion. These are employed as fuel instcnil of coal, and to 
drive gas engines. Professor Witz draws a further distinction 
between hot and cold distillation ; the latter is chiefly employed 
for carburotted air, 

1. DistUlation of Coal.^The earliest method of obtaining 
gas from coal, first practised by Murdoch, was to heat the coal in 
closed retorts and distil the gas from it. By this process the 
gases are given off, leaving a residuum of coke, Ac As the air 
is carefully excluded, the distilled jiroilucts contain no gases 
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except tboae already in tlie coal. Roughly speaking, two-tbirds 
of Uie constitnenU are hydrogen, carbon, and their combina- 
tions. It IB only of late years, since gas wotorB have been 
maile for larger powers, that the need of a cheap substitute for 
this distilled or town gas has been felt. As long as it waa 
required only for illuminatiau, the quantity used by each con- 
Bomer was too small, to make economy of production an import 
tant question. As far as the heating value of town gas ia con- 
cerned, it is well suited for driving a motor, but it is unneces- 
sarily pure for this purpose, and the price per 1,000 cubic feet 
is relatively great. To produce town gas sejiarately for driving 
small motors is, of course, impracticable, on Hcconnt of the cost 
of production, ic. For some time, therefore, much sttentioa 
has l»een paid to the production of a cheaper gas, less pure, but 
not liable to deposit carbon in the passages and ports of a 
motor. 

2. Combustion of Coal. — The second method of manufac- 
turing gas is by burniug the coal, and three processes are em- 
ployed, each pro<]ucing a different kind of gas. In all of them, 
ordinary atmospheric air is required to assist combustion. 

In the tirst process a forced air blast is used. The gases are 
rapidly generated by driving a current of air through the glow- 
ing coal, and combustion is thus stimulated. This fumishea 
what is called producer gas, and soiuetimes Siemens' gas, because 
it was first introduced by Sir William Siemens, as a fuel and 
substitute for soiiJ coal. This gaa is often used for heating 
purposea, but is not inch enough to drive a gas motor. 

The next kind is known as water gas. Here the method 
followed is aUii to burn the cohI, and when it is in a state of 
incandesce I ice. a jet of steam ia injected into it, Tlie steam 
is decoinposi'd into oxygen and hydiogen, which recombine with 
the gases from the coal. The carbon ]iresent unites with the 
oxygen, and forms carbonic oxide an<l carbonic acid. A very 
rich gas is thus produced, which contains a larger percentage of 
the heat in the coal than gas made on any other system. 
Water gas is much used in America as fuel, instead of ordinary 
cool, because anthracite, from which it is made, is cheap 
and abundant. One disadvantage of this method is that the 
gas cannot be continuously produced. The blast of steam lowers 
the temperature of the coal, and, after an interval of about ten 
minutes, there is not enough bent to cause decom|>osition and 
recombination of the chemical elements forming the gas. The 
process of injection ia then stopped for a, time, and air instead of 
steam introduced to revive combustion. As a ride, water gas 
and producer gas are made alternately in the same apparatus. 

The third system is a combination of the two preceding 
methods. Instead of alternately injecting steam and air int^ 
the mass of incandescent fuel, both are admitted together. The 
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jet of steam carries with it, into the fuel, a curreiit of air duly 
proportioned, and the gns, thougli poorer in quality, can be mode 
continuously. Hitherto there have only been two applicntions 
of thig system known to the author. About sixteen years ago 
it was lirst brought out and patented in England by Mr. J. 
Emerson Dowson. and the value of Dowson gas for driving 
motors is now fully recognisetl. About the year 18S7 another 
method was introduced in France by M. Lencauohez, These 
three last kinds of gas are chiefly made from anthracite or coke. 
If ordinary coal is used, the tar, ammonia, and other residual 
products impoverish the gas, nnd are rather difficult to get rid 
of Another characteristic of these cheap gases is that they 
contain a much larger quantity of carbonic oxide than town 
gas. Carbonic oxide is highly poisonous, but has no smell, and 
care is needed in using it, to prevent any escape. 

BiBcbof. — The earliest attempts to obtain gas for heating 
purposes from the combustion of con), instead of from distil- 
lation, were made by Bischof in 1^30. Peat fuel was burnt 
in a brick cham)>er, air at atmospheric pressure was admitted 
from below, through hole^ in the covering of the ashpit, and the 
gases generated during combustion were drawn oti' through a 
chimney and dam]>er from the top of the furnace chamber. In 
IS40 Eliclmen made a furnace for generating gases, worked by a 
blast of air, and a much larger (|uantity of gas was produced by 
this means than in Bischof s api)aratus. 

Ttiomas and Laurent. — But the merit of being the first to de- 
sign a practical gas producer belongs to MM. Thomas and Laurent, 
who, between IK38 and \8i\, constructed a gas generating 
furnace, in which many modern improvements were anticipated. 
Air compressed by a blower was admitted at the bottom of a 
furnace, and the decomposition of the air was assisted by the 
injection of superheated steam, in the proportion by weight of 35 
of air to 1 of steam. The height of the generator was sufficient 
to cause all the oxygen of the air to be transformed into carbonic 
oxide. The fuel used was charcoal, wood, peat, coke, and 

Kirkham.^ — ^Another remarkable apparatus was brought out 
in ia52 by Messrs. Kirkham, who, working independently but 
on the same tines as Thomas and Laurent, produced their gas by 
the direct combustion of the fuel in a furnace, instead of by apply- 
ing external heat to the coal, and distilling the gas from it. They 
were the tirst to use what is called the "intermittent" system 
of gas making — that is, the alternate admission of steam and air 
to the coal. The fuel being kindled in the generator, a blast of 
air was turned into it, nnti! combustion was thoroughly estab- 
lished ; the air was then shut olf, and steam was injected and 
quickly decomposed by the heat. After a short time the admis- 
sion of steam was stopped, and air again introduced to revive 

13 
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combastion. Otlier gas producers were brought out by Ekniann 
in Sweden about 1£I4.'), Bi^Hiifum^ in France in IS5G, and Benson 
in 1869. In most of these early efforts, the object was not bo 
much to generate lighting or heating gas from coal, as to utilise 
the waste gases from furnaces. 

Siemeiia. — Several important ^as producers were introdocetl 
with successive improvements by Sir W. Siemens, who gave his 
Btt«nlion to the subject as early as 1861. His main object wse 
to produce a gas which could be used ns a substitute for urdinary 
fuel in fumafes, and )ie was the first to bring the question of 
gaseous fuel prominently forward. In his producers very slow 
draught of air and slow rate of combustion are employed, and 
the gases arp cooled as they leave the generator. His designs 
have since been perfected, and the Siemens' improved gas 
generator is now largely used for all sorts of metallurgical and 
manufacturing purposes. The two forms of gas producers in- 
troduced into France by Minary in \SGS, and his later recent 
apparatus were invented with the same object, of replacing solid 
fuel in furnaces. A useful little generator was brought out by 
Dr. Kidd in 1875, intended to provide a cheap gas for domestic 
use and cooking. With the exception of the Siemens' apparatus 
these were all on a small gcale, and none of them were originally 
intended to generate gas for working motors. 

Faaoal, — Fascsl in 1S61 was the first to develop the ideas of 
Thomas and Laurent, and tho.se of Kirkham, and to test prac- 
tically a system for mannfscturini; cheap gas, by the addition of 
steam and air to the incandescent fuel. Except in its application, 
his method differed little from theirs. A cylindrical gas gener- 
ator filled with coal was surrounded by a boiler with which it 
communicated. The coal was fired, and steam from the boiler 
admitted alternately with air from a blower, worked by the 
motor. Pascal's system of making gas has lung been discon- 
tinued. 

Tessifl du Hotay. — Another method brought out by M. Tessie 
da Motay in 1671 is still used in America, in the Municipal Gas 
Works, yew York. A brick furnace, enclosed in a wrought-iron 
cylindrical shell, is chnrged with fuel from above, and the 
gas drawn off through an annular space at the top. Air is 
introduced through a blast pipe running across the centre of the 
furnace, and the ashes and clinker are discharged below. This 
is said to he one of the best of the intermittent gaa producers, 
and is simple and efficient. 

These different generators exhibit the successive steps in the 
production of gas from coal. The first improvement on the 
process of distillation was the substitution of internal for external 
combustion. Instead of the outward application of heat, the fuel 
was burnt in the furnace, and the gas led off from it in pipes. A 
blast of air was next introduced, to accelerate the production of 
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jjos ; the last and iierhaps the most important innovation waa 
the addition of a jet of steftin. Thia watt r g«s liaa beea applied 
with good results to drive a 6 H.P. Otto engine. In a trial 
extending over aevernl days it wns found llint the working cost 
was foiir-tentlia of a jwnny per H.P, per hour, and in other 
respects the engine worked satisfactorily. More gas was used 
than when coal gas was employed, but the price of generating it 
was much lower. The comparative economy of the two gases, 
taking the mean cost of jiroductiou in both cases, was 0'B4 of a 
penny per H.P. per hour when driving the engine with conl gaa, 
and 0'23 of a penny with water gas. 

Cheap Gas. — The great cost of working the Lenoir engine 
gave a fresh stimulus to the production of cheap gas. About 
1862 two systems were proposed on the Continent for making 
water and generator gas. In the first, designed liy M. Tr^bouillet, 
retorts filled with charcoal were In-ought to a red heat, and super 
heated steam forced through them. Charcoiil was also used iu 
the other method, invented hy M, Arhos of Barcelona. The 
generator wan in two ilivisionM. The iipper part contained 
water, and ff.rmed a kind of boiler and superheater. The Steam 
mixed with air was admitted at the bottom of the furnace. 
Neither system was applicable to the Lenoir engine, which 
required about 100 cubic feet of gas with a calorific value of 
21,978 B.T.U. (British Thermal uniU) per H.P. per hour. 

Strong. — Two systems, the Strong and the Lowe, for making 
cheap gas by admitting steam and air intermittently into burning 
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method of generating and purifying the gan, and Euperheating 
the steam before it enters the furnace. A is t!io generator lilleii 
with authracitF^ or cokci, charged throiigli the hopper H above, 
or through the doors p, p. 1 and J are the heating chambers, 
loosely stacked with fire bricks. A forced blast of air enters 
at B below the furnace, and another current is admitted at C. 
As soon as the coal is kindled in A the air blast from B 
causes active combustion, and the gases generated are driven 
into the first chamber I. Meeting here tlie draught of air from 
C they are forced down through the fire bricks, and up in the 
direction of the arrows through the second cbamber J till tbey 
reach the reservoir K. As soon oa the fuel in the furnace A, 
and the bricks in the chambers I and J are at a red heat, the air 
is shut off from the blast pipe B, and the opening G, and steam 
introduced at G posses through the chambers and the furnace in 
the reverse direction to the air. In its passage through the red- 
hot fire brick it becomes superheated. At the top of the furnace 
finely -powdered fuel is sprinkled into the steam. Brought in. 
contact with this coal dust continuously fed from the hopper by 
means of a slow moving Archimedean screw, the steam instantly 
aeparatea into its elements, and these combine with the carbon 
to fonu rich water gag, which is drawn off at D. After a few 
minutes combustion slackens, and the process is reversed. The 
steam is shut off, the forced blast of air again admitted, and pro- 
ducer gas given off. The Strong gas is specially adapted for 
heating. It is perhaps the best of the producers working on 
the intermittent system, and generating gas alternately from 
air and from steam. 

IiOWQ. — Tbe Lowe process resembles tbe Strong in several 
respects, and contains a generator and a single superheating 
chamber; in the latter the gases given off during combustion 
are heated, instead of the steam. The producer is worked 
intermittently. By the side of the iron cased brick generator 
furnace is a superheating chamber filled with loose bricks, a 
reservoir of water, and a scrubber for purifying the gases. The 
generator being charged with anthracite, combustion is started 
by a blast of air. The hot gases given off rise to the top of the 
generator, and are conveyed tlirough a pipe to the lower part of 
the superheater, where a fresh current of air is admitted, 
kindling the gases, and causing the flames to rise through the 
loosely stacked bricks. As soon as tbe bricks and the coals in 
the generator are at a red heat, the air is shut off and super- 
heated steam blown into the furnace. A small stream of 
petroleum drops from above on to the glowing fuel, and as 
the gases produced by the decomposition of the steam pass 
upwards through the generator, the volatilised oil mixes with 
them and forms hydrocarbons. The gases next pass through 
the superheating chamber, which being always maintained at a 
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constant heat, the composition of the ^ases is always unirorm. 
They are then purified by passing through the water tank and 
tlie scrubbing chamber filled with wet coke. The gaa produced 
by the Lowe syslem differs is some respects from othera, and tha 
inventor assorts that the quality does not vary. 

WilBon. — The Wilson gaa producer, like those already 
describcil, was not originally intended to genernte gas for 
driving a motor, but if the furnace be lired with anthrucite or 
coke, and the gasra well washed, they can be u.sed for thai 
par|MiBe. The method of introducing the steam in novel. It 
enters under pressure through a narrow tapering nozxle, and 
carries with it a strong current of air in the proportion of 
20 |iarts of air by weight to 1 of steam. In order that the 
whole of the air and stenm may perfectly combine with the fuel, 
tliey lire delivered info the centre of the glowing coal. Before 
they are carried o£f, the hot gases from the furnace are led into a 
chamber round the upper part of the producer, where the coal is 
fed in from a liopper. The fresh fuel is heated before combustion 
by thesH gases, and the chamber acts almost in the same way as 
a retort. The producer has also an automatic arrangement fur 
carrying off the ashes and clinker, 

Miiny other systems for making gas have been patented, and 
some are now at work. Among these are generators by Grobe 
• and Ltirmaun for steel furnaces, Sutherland for welding metala, 
Young and Iteilby for extracting ammonia from gas. All, how- 
ever, Hre outside the present subject, ns they have not hitherto 
been used to furnish gas for driving engines. Up to the present 
time only two apparatus have been designed and worked with 
the special oliji'ct of generating gas continuously for motive power, 
the IJowson in England, and the Lencauchez in France, 

Iisnoauchez. — The Lencauches system for making gas is of 
recent date, ami the English patent (So. 17L»8) was taken out 
March 17, IS31. It was invi-nted by M. Leiicauchez, and th© 
apparatus firat made at the Ohantiers ile la Buire, Lyons, and 
called the Buire- Leneauchei system. In outward appearance 
the generator diti'crs little from the Lowe, but tlie eas is continu- 
ously produced. It lias now been adopted by MM. Delamare- 
Deboutteville and MnlandJn, the makers of the Simplex engine, 
and they huve added a Buire-T.encauohez gas producer to many 
of their latest motors, from lU to 100 H.P. 

Fig. 95 shows a sectional elevation of the apparatus, attached 
to a Simplex gas engine, A is the furnace or generator with tire- 
brick lining K, between which and the outer iron casing is a 
layer of sand L. C is the grate. B the scrublwr tilled with coke, 
from whence the puriGed gases pass through Y lo the gas holder. 
The fuel is automatically charjjed through a ho]>per, M N, aliove 
the furnace; the ashes are withdrawn once in twenty-four hours 
through the door K, A current of air, previously heated by the 
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furnace, enters the genei-ator at H from a fun or blower worked 
bj the engine, and is driven into the closed pan O. Bj a 
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cock at W ft small stream of water, pri?rerably drawn from tLe 
jiickeC of the gas engine, is admitted into a lioUow trough £, 
and falling through the bare DD on to the grate is there 
evaporated, and mines with the blast of compressed air. The 
two pass together into the furnace, and the surplus water is 
Cftrrie<l otT at J. The gases are then led off from the top of the 
furnace hy tlie pipe S into the scrubber or purifier B filled 
with coke, upon which water from the siphon Z is continually 
playing through a perforated cone or distributor, V V are 
tlie grate bars, X the door for withdrawing and changing the 
coke. On their way to the sorubbL-r tlie gases pass the hydraulic 
joint T, which is intended to prevent the return of any gaa 
to the fiirnaco, Tlie water dripping through the coke is carried 
off at U. The ga^es arc next delivered sometimes to a distri- 
buting chamber, sometimes direct to the gas holder. If not 
reijuiri'd for driving the engine, they are allowed to escape into 
the atmosphere by a chimney. By an ingenious arrangement the 
furnace can be shut off for a few minutes, the injection of air 
and Hteum suspended, and the engine driven by gas from the 
holder while the grate is cleaned, an operation only necessary 
once in twenty-four hours. The holder contains suflicient gas 
for starting tlie engine. The production of gas is rei^nlated by a 
valve I (tlirongii which tlie wtdiprosBed air passes to the furnace), 
and which is attaclied by a t'hain to the top of the gas holder. 
As sonn aa lliu bolder is filled, the valve I is automatically raised, 
and the air is not allowed to enter the furnace until the contents 
of the holder have been reduced. 

AdvantagQs-^Consumption.— The special advantages of tbo 
Buire-Lencttuchez gus jiroilucer are its economy of heat and its 
simplicity, no lioiler lieing required. Both the air and water are 
usually heated before they enter the furnace, and beat is thus 
utilised. This producer can alao be used to generate gas from 
cheap and poor coal, whereas most others require anthracite or 
coke. an. Delamare and Mulandin no longer find it necessary 
to burn English anthracite in their Lencauchez generators, but 
inferior non-bituminous French coal, which is much cheaper. 
Hence the system is specially adapted for use where best coal 
is ditlicult to procure. French anthracite has neither the same 
calorific value, nor is it as pure as English, Gas made on the 
Xjencauchez system with English anthracite has a heating value 
of 174 B.T.U. per cubic foot at ordinary temperature and pres- 
sure; when cheap French anthracite coal is used, its heating 
vmlne is 152 B.T.U. per cubic foot. With large motors driven 
by Lencauchei gaa the consumption of fuel is about 13 lb. of 
good anthracite jier H.P. \w.r hour, A 50 H-P. Simplex engine 
has l>een workinc continuously with this gas since 1SS8 at 
M. Baratand's Mills at ?^1 urseilles. It is said to require a con- 
sumption of only 1'2 lb. English anthracite per B.U.P. per hour. 



In B paper published in the " Procis Verb«a« de la Society 
Af» Ingtnieora Civila," October, 1S9I, detaita »re given by 
U. LeDcsucbez of the economy wbioh can be realised by using 
Urge gM engisea driven by cheap gas, made in special generators. 
A good gas plant, burning the commonest fnel, transforms more 
than 80 per cent, of the solid combustible into gas, while the 
best steam boilers, according to M. Lencauchez, seldom utilise 
more than 70 to 75 per cent, of the heat contained in the coaL 
The thermal efficiency of the gss engine being usually reckoned 
at double that of the steam engine, a total economy of about 
50 per cenL of fuel may, the writer considers, be obtained by 
using poor gas instead of steam. 

Z>ow8on. — It is to Mr. J. Emerson Dowson that the merit 
belongs of having fairly inaugurated the process by which steam 
and air are admitted to a furnace together. The gas obtained ia 
much poorer than water gas, but richer than producer gas; it 
can be rapidly and continuously generated, and with the proper 
admixture of air is very well adapted for driving gas engines; 
it is not intended to be used for any other purpose. It 
possesses the further advantage of being much cheaper than 
lighting gas. Before its introduction, it was considered im- 
possible to work gas engines as economically as steam engines of 
about the same 7>ower. With few exceptions only small motors 
were made, and owing to the expense of town gas, it was 
supposed that large (lower gas engines could never com|>ete 
auuuessfully with steam. The adoption of Uowson gas has shown 
tliat it is possible to work a 100 H.P. engine with much greater 
economy than a good 100 H.P. steam engine, and a still more 
economical consumption of fuel has been obtained with an engine 
indicating 170 H.P. From this point of view, the services 
rendered by Mr. Dowson, in making it possible to ])roduce power 
more cheaply by the use of his gas, are very great. It is now 
employed in a large number of motors, and although the cost of 
driving them lias already benn much reduced, the inventor is of 
opinion that "still better resiilts can and will be obtained when 
an ongine ia really designed to give the best effect with this 
gas." 

Fig. OG shows an external view of a complete Dowson gas 
plant. To start production, nothing is required except snthracite 
or coke to till the generator, and a little water to evaporate into 
steam for injection iute the fuel. The steam pressure varies 
from 30 to 50 lbs. per square inch, according to the size of the 
gas plant to be served. The wrought-iron generator is seen in 
the front to the left of the drnwing, and the small vertical boiler 
for producing the sleam stands beside it to the right. The 
Iioiler has a closed grate, nnd a small serpentine coil of steam 
pipe above the fire. In this hot coil the steam is superheated, 
before it passes through the pipe above the boiler to the lower 
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part of the geneintnr. Midway between the two U au iujector, 
through which n current of air ia forced into the generator by 
the velocity of the steam. The cylindrical generator is lined 
with fire briok, and the fuel is fed in through the liopjier nhove. 
The gBESs generated by the combustion of the antliracitc or coke 
combine with the oxygen derived from the decomposition of the 
Bteam and air, and aru conveyed thioujiih a return valve ami pipe 
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part of the geneintor. Midway between tlio two is an injector, 
through which a. current of air is forced into the generator I)y 
the velocity of the steam. The cylindrical genemtor is lined 
with tiro brick, and the fuel is fed in through the hopper aWive. 
The gases generated hy the combuBtion of the anth mcite or coke 
combine with the oxygen derived from the decomposition of the 
steam and air, and are conveyed through a return valve aiiil pipe 




into tho hydraulic Ixix, shown at the extreme left of the drawing, 

iindiT the floor. This 1m>\ is divided into two pans and half 

fillwl with water. Tin- „'ii,=ci passing through thn water are 

' ' ' " r in(ii' ■:uuvfys them to the 8cruhbnrs, usually 

'>MiT, i<i (■L-onomiae space. One is the wet 

'lifh [■i continually moistenfd by water 

loki; is lotiselv stacked. From here the 
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partiallr piiri6ed gmses enter the holiler, and mre thence eonvejred 
to the engine, passing on their wmr through reoetvers oon'aining 
sawdust, to cleanse them further. 

To regulate automatically the production of gas, the ibllowing 
method is adopted : — ^The top of the holder is connected to m 
chain attached to the air injector, and seen in the drawing. If 
too much gas is generated, the holder rises, lifts this chain, and 
raises a valve from which the air and steam are allowed to 
escape, instead of entering the generator. As soon as production 
is reduced, the holder sinks, and the valve is released. At 
Fig. 97 is shown a Dowson s^as plant at the flour mills of Messrs. 
Mead k Sons, Chelsea. The arrangement differs slightly from 
that already described, because the plant is larger, and the 
scrubbers are outside the frg^ holder, but the system is the same ; 
the different parts are indicated by letters. The trial made with 
this producer is mentioned at the end of the chapter, p. 'lOo. 

A large numl)er of ex|>eriments have been undertaken with 
Dowson gas, and have proved its economy, and the relatively 
small cost of using it to drive engines. To make a proper com- 
parison between a steam-engine plant and a Dowson gas ph&nt 
aud motor, the cost of the fuel shouM in both cases be given, and 
the generator conside^€^d as forming part of the gas engine, in the 
same way as a boiler forms part of a steam plant. In England 
the gas can be produced at a cost of about 2d. to 3d. per 1,000 
cubic feet, according to the quantity required, but in the case of 
large works, where a steam boiler already exists, the consump- 
tion of fuel can be reduced, by utilising this steam for the 
genenitor. It should, however, be remembered that the gas 
contains al>out 55 per cent, of nitrogen and carbonic acid, as 
against about 8 per cent, of nitrogen in gas manufactured by the 
Strong process, but besides being continuously generated, Dowson 
gas has a higher calorific value than ])roducer gas. It is about 
four times less rich in heating value than town gas, and requires 
a corresponding diminution in the quantity of air used to dilute 
it in the cylinder of an engine. The actual charge admitted into 
a gas engine is no larger than with town v:as, because this ratio 
of air is much smaller. Instead of from 5 to 1 4 parts of air to 
1 of gas, Dowson gas needs only from 1 to 1}, and 4 volumes of 
this gas are equal in heat to 1 of coal gas. The exact propor- 
tions of heating value of average coal gas as compared with 
Dowson are 3*8 to 1. 

Difficulties were at first found on using it witli the Otto engine, 
because the products of combustion were retained in the cylinder; 
but these have now been overcome. With the Simplex engine 
it gives excellent results, beaiuse the initial compression is 
greater, and the cylinder more completely cleansed before each 
explosion. Dowson gat can only be made with coke or anthracite, 
but both an easily obtained in England. It is yearly becoming 
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TDvn widt'ly koowti. and generally user!. It in easily proilucpd, 
the ]<latit is comi)act and simple, takes \i\' little tipace, oiid 
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reqairw little attcntioo ; it does not Uam vitli a smokj fiamc^ 
sod <lefiosits no impurities in die ports end tsItcs of sn mginft 
It esn be msde eontinuonslTy rmpidlTy snd at s much lower cost 
than town gas. 

"Experimeotm, — Trials with Dowson gas wiU be found in tlie 
table at p. 404. Three tjpes of engine haTe hitherto been tested 
with it, the Simplex, the Otto, and the Atkinson. The Simplex, 
engine was twice carefull j experimented on bv Professor Witz with 
Dowvin gas. On the firxt occasion the engine indicated 8-10 H.P., 
and the consumption of gas per B.H.P. |)er hoar was S6-{( cubic 
feet. In 1^^1K> M. Witz tested the 100 ILP. Simplex engine, 
shown at the Paris Exhibition, and found the consumption 1-34 
lb. English anthracite per Brake H.P. per hour. Experiments 
msde by M>L Teichmann and Biicking in 1^87 on a 30 H.P. 
nominal Otto engine gave a consumption of 103 cubic feet of 
gas per I.H.P., equivalent to I -67 lb. of fuel per B.H.P., per hour. 
With an engine indicating 18 H.P. at Messrs Crossley^s works, 
the normal consumption of Dowson gas during a working day is 
81 '7 cubic feet per I.H.P. per hour, or about four times as much 
as lighting gas. Dowson gas is now used to drive all the engines 
at Messrs. Crossley's works, and it furnishes a total of from 
250 to 300 H.P. A good test of economy is found in the 
average working expenses throughout the year of large engines 
driven with this gas. At Messrs. Spicer & Co.'s Paper Mills 
at Godaluiing the total I.H.P. is 400. In all the engines 
Dowson gas is used, and the average consumption during 20 
weeks, including waste, was 1 lb. fuel per I.H.P. per hour. 
The same results per I.H.P. have l>cen obtained at the Crossley 
works during 3d weeks, with all their engines. In MM. 
Koerting*8 extensive engineering works near Hanover there 
are three engines, two of 25 H.P., and one of IG H.P. driven by 
Dowson gas. At the Severn Tweed Co.*s Mills at Newtown 
two trials, each extending over six days, were made upon four 
Crossley engines, driven with Dowson gas, and indicating a total 
of about 280 H.P. In the first trial anthracite was used, and 
the total consumption was 1*23 lb. per B.H.P. per hour. During 
the second the generator was fired with coke, and 1-73 lb. per 
B.H.P. per hour was used. The average cost of fuel in each case 
was about the same per H.P. 

Two careful and important tests have recently been made, 
to test the economy obtained with Dowson gas. The first by 
Mr. J. Tomlinson was on a 15 nominal H.P. Atkinson Cycle 
engine, used to pump water from a well at the Uxbridije Water- 
works. The well was 100 feet deep, and the water liad to be 
pumped into a reservoir a mile and a half away. The engine 
was coupled direct to double-acting pumps ^0 feet below the 
surface, and was driven at 86 revolutions per minute. The total 
quantity of fuel used was 1*06 lb. per I.H.P. per hour, or 1*48 lb. 
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per water horse-power per hour, and about lC-4 per cent, of the 
imita of heat in the fuel wei-e converted into total work, or 
12 per cent, into water power. The otlier trial was made in. 
February, 1693, on a IG H.P. nominal Crosaley-Otto engine, 
using Dowson gas. The trial was conducted by Mr. Dowaon 
himself, and gave results considerably more economical than any 
obtained with smaller engines. It is of special interest, because 
it was made on the largest engine yet driven with Dowson gas. 
The maximum I. H.P. was 173-6— EH. P. I47C, but the engine 
did not run at full power, and the mean I. H.P. developed was 
1 IS'7. The fuel consumed during the trial was 0-76 lb. per H.P. 
per hour, including the anthracite in tbe generator, and the coke 
in the boiler, hut allowance was made fur getting u[i steam. This 
trial was at Messrs. Mead ii Co.'s Flour Mills, Chelsea. 

A large Dowson gas producing plant, cupable of making gas 
for SOO indicated horse-power, lias lately been erected at Messrs. 
Tangye's Works, Birmingham. TLe generator is flred with an- 
thracite or coke, and the gas ia produced at a cost of 3d. per 
1000 cubiu feet, equal to coal gas at, say, one shilling per 1000 
cubic feet. 

The following table (taken from A. Naumann's Paper on "The 
Transformation of Heat into Permanent Chemical Energy"*) 
gives the heat produced by tlie combustion of various gasea ;— 
TiioLS or TUB UsA'i' OF CoMBesTtoN ht Gases. 



U«iUng Gf. 


Uu, ths Water prod«eii 


Producer Gas 1044 cftlorics. 

Carbonio Aoid Producer Gas 1 1739 

Water Producer Gm, from liquid water at 15°. 1 lBo3 
Water Producer Gas, from gaecous water at 15°. i 1790 
Water Gas, 2812 



[1 litre = Gl-02Scnbiciiichei = 0-0!l53 cubic foot] 



CHAPTER XVI. 
THE THEORY OF THE GAS ENGINE. 

Co.STKNTa.— Laws of Ga«ea — Boyle's Law— Gay-Lusaac's Law — Joule's Law 
of the Mechanical Eniuivaleat of Heat — Tlieriual Utiiti— Specific Heat 
— Camnt's Law — Perfect Cycle — iBothamial aiiJ Adiobatic Curves- 
Ideal Efii ci en oy— Other Cycles — Indicator Diagrama — Movements of 
Heat ill a Cylinder. 

LawB of Oaaes. — No complete study of the gas engine is pos- 
sible, unless it includes a knowledge, however slight, of the gas 
• Berichle drr dt<U»chen themUckea Geiellschi/I, 25, 1892, pp. j50-82. 
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itmM, or working fluid, tlie phjsiaJ and dieiiiiad laws gofweamg 
it, and the chief phenomena taking place in the cylinder of aa 
engine. None of these phenomena are the result of ehanoe. 
The laws controlling the action of gases have been aceniatelj 
determined. The force of the explosion of gas in a cylinder 
seems, at first sight, impoadble to regulate. Bat it can now be 
defined with preciiiion, and is always exactly proporti<Hied to 
the pressure and temperature of the gas when admitted, and the 
amount of its dilution with air. Thus, if a certain weight of 
gas, composed of known chemical elements in a definite com- 
bination, and diluted with a given proportion of air, be admitted 
into a cylinder of known dimensions, its action can be accurately 
foretold, and the work estimated which it is able to do. 

The term ^^ working fluid " is applied to the medium of heat 
in thermal motors. It is equally correct to call it the ** working 
agent," and the latter expression will here be used. No abao* 
liitely ])erfect gas is at present known, that is, a gas which obeys 
perfectly the theoretical laws, and cannot be condensed into a 
liquid by any change of temperature. But in the case of coal 
gas, air, or oil, the chief agents for the transmission of heat in 
internal combustion engines, the variation from a perfect gas is 
so slight that, for practical purposes, it may be neglected. 

Of the different laws regulating the action of gases, two only 
are essential, in order to understand the phenomena in a heat 
engine. The first is known as Boyle's Law in England, and 
Mariotte's Law on the Continent. It was first pro[)ounded by 
Robert Boyle in 1662, and is as follows : — 

Boyle's Iiaw. — I. If the temperature of a gas be kept con- 
stant, its pressure or elastic force will vary inversely as the 
volume it occupies. 

This proposition defines the relation between the three attri- 
butes invariably found in all gases, whatever their composition 
— temperature, volume, and pressure. The word temperature 
denotes the condition of a body as regards sensible heat; volume 
is expressed in cubic feet, and the 8j)eeific volume of a gas is 
the number of cubic feet it occupies per lb.; pressure is the 
elastic force the gas exerts upon the walls surrounding it, 
reckoned in lbs. per square inch. All the phenomena taking 
place in a heat engine are produced by varying one or other, or 
all three of these attributes, — that is, by increasing or diminish- 
ing the temperature, the volume, or the pressure of a gas. 
Boyle's law may be illustrated by imagining a cylinder containing 
a piston, both perfectly tight. The piston is set half-way through 
the length of the cylinder, and gas admitted on one side of it ; 
and the temperature of the gas being kept constant, the supply 
is next cut ofL If the piston be then moved to its farthest 
limit, it will unooyer the other half of the cylinder, and the 
available Tolume will be doubled. The gas will instantly ex- 
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|UD«], fullowitig the i>istoti, nnd an no more is adtnitted, the Rnme 
quantity will uccupy twice ns much Hjjace as before. But this 
increase in volume of gAS will ulan be accompniiied by a coi'fe- 
sponding diminution in giressure. The force exerted by the gna 
on the piston will, at tbe end of the stroke, be hnlf as much aa 
before. If the space originally occu[.<ted by the giia be called 
one volume, and its pressure be taken as equul to that of the 
atmosphere, or in round numbers, a pressure of 15 lbs. on every 
square inch of the piston surface, the gas, when the piston has 
moved to the end of the cylinder, ■will occupy two voluuiea, but 
will exert a pressure of only TJ lbs. per square inch upon the 
piston. The temperature being always the same, the products 
of the pressure and the volume will recnain constant. To express 
Boyle's law difftirently — 

Volume X pressure = constant 

Now let UB suppose that the temperature be at the same time 
varied; quite different cuuditions are immediately introduced, 
and the law no longer applies. If heat be furnished to the 
cylinder described, and the temperature of the gas raised, with- 
out allowing the piston to move out. the gas will continue to 
occupy the Kame space as before, but the increase of tempeiature 
will cause the jirpssiire to increase. The heat will force the 
particles of gas further apart, and the pressure or tension will 
rise until, if the temperature be continually increased without 
an increase in the volume, the gas will burst the cylinder. 
This expansion of gas through the application of heat, and its 
corresponding contraction when heat is withdrawn, has been 
carefully verified, and the degree of variation in volume or 
pressure, determined by experiment, has been found to he in 
exact proportion to the quantity of heal added to, or abstracted 
from, the ;:as. It forms the basis of the following second law of 
gases, called Charles' law in England, and the law of Gay-Lussac 
on the Continent. 

Oay-Iiussao's Iiaw. — II. The pressure or the volume of a, 
gas being maintained constant, all gases expand ^^ part of their 
volume, or increase in pressure -^li^ part for every rise of 1° C. 
in their temperature. The law may be stated differently thus : — 

Suppose a gas is at constant volume in a closed vessel, and 
exerting a pressure of 27;! lbs. per square inch. For each degree 
Centigrade added to its temperature, the pressure of the gas will 
increase 1 lb. per square inch. If, therefore, its temperature he 
raised 10° the pressure will be 2S3 lbs. jier square iuch. The 
converse of the law also holds good. All gases contract in volume, 
or lose isl^ part of their elastic force, for ein'h degree Centigrade 
by which their temperature is lowered. Therefore, if a gas at 
n r" i,„ — J., — ,1 1" ;» j^j|[ contract by ^I^ part of its v'""— 
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gradually 273^ C. of lieat from the p^iis, a point in temperature 
would lie reaclie<l, called the ''al^solute zero/' at which the gms 
would ]K>K5es.H tKrither volume nor pressure. This limit of the 
''absolute zero*' is not a theoretical |>oint, but definitely fixed 
by natural laws, and it is im|K)s.sible to pass beyond it. Ac- 
corrlin;^ to the law of Gay-Lussac, more heat could not be 
almtracted, even if the lowest limit of temperature were not 
reached, becans*; tlie ^as would have no further power of con- 
traction, and therefore of diminution in pressure. 

No one has vet been able to reduce a IkxIv to this extreme of 
cold, although in recent experiments it has been approached. 
The "absolute zero"— viz., 273^ below 0*^ C. and 460" below 0' F. — 
is, however, the basis of all calculations of temperature in scientific 
work. The zeros iix(Ml by Fahrenheit, Heaumur, and Celsius are 
all arbitrary det«*rminations, below which temperatures con- 
tinually fall, but they cannot be used as the original starting 
point for meiiHurin*^ heat.* In calculating the heat in an engine, 
the t«jiiijK'ratures are usually measured from the absolute zero, 
or ordinary temperature Centigrade + 273°. Now in the 
first law of ^'ases tlit^re are only two characteristics of a gas 
and their v;i nations to be considered. In the second law, a 
third is addcMi, and the relation between the three is expressed 
thus : — 

- -, ■ = Ratio or R. 

Put into words this formula runs : — Tlio volume v multiplied 
by the pressure p of any gas, and divided by the absolute 
temperature T, are equal to a certain fixed ratio, R. The 
same law may, of course, be expressed thus : — 

V X p = Ji X T, 

The value of R for air is 29 Gl units C. 

This expansi(m of a gas ^Ij^ of its volume for every degree 
Centigrade added to its temperature, is equal to the fraction 
0*00367, called the coefficient of expansion. The term "coefficient" 
signifies a fixed quantity or mean value, accurately determined 
by experiment, and applying equally to all bodies j)ossessing 
the same properti(^s, and under the same conditions. If the 
amount of heat added to any gas be known, the degree to which 
it will expand can be exactly calculated by this coefficient. 
As it increases in pressure or expands in regular proportion 
to the heat added, it is evident that then; must exist some 
fixed relation between the expansion of the gas, and the tem- 

•Tho centifprade scale fixed by Celsius lias h(»en practically adopted in 
Europe and America for scientific woik. It is uBod in this hook, in order 
not to conf OM the student passing on to other and more elaborate 
works, in whioh he will find no other temperature given. 
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perature producing it. This relation forms a link between the 
laws of giisea we have just been considering, and those governing 
the action of lieat, and furuisiies a good example of the first and 
moat important Law of ThprnjodvnamicB. the Mechanical Equiv- 
alent of Hent. It may be briefly stated thus :— 

Joule '8 Law— Mechanical Equivalent. — L Whenever beat 
is imparted to, or withdrawn from a body, energy is generated 
in proportion, or an equivalent amount of mechanical work is 
done by the body, or upon it by external agency. The propor- 
tion between the heiit absorbed, or given out, and the work 
performed is always the some. 

This law, which has given a new direction to scientific thought 
during the last half century, was fore-shadowed by Count 
Kumford and Sir Humphrey Davy, and discovered almost 
simultaneously in England by Joule, in GerQisny by Mayer, 
and in franco by Uirn. The priority is usually ascribed to 
Joule, who published the results of his accui-ate experiments 
in 1«43. and the law is known in England as the Law of the 
Mecliiinical Equivalent of heat, or briefly as Joule's Equivalent. 
It is twofokl in its operation an<l effects, and may be expressed 
as ; — Heat is a form of energy, or Mechanical energy (work) 
may he converted into heat according to a definite law. 

To explain it we will again use our illustration of a cylinder 
with an air-tight piston, containini* a given volume of gaa. 
As long as the temperatiiro of the gaa does not vary, its 
volunio and pressure have been proved to stand to each other 
in exactly inverse ratios. As the one increases, the other 
decreases. If heat lie added, the gas expands, the pressure 
rising in exact proportion to the increase in heat. It is the 
law of t)ie mechanical equivalent which explains the reason of 
this increase in expansive power. Heat haa been put into 
the gas, and disappears as heat, to reappear in some other 
form. Nur can it be otherwise. The Law of the mechanical 
equivalent is a necessary deduction from the principle that 
nothing in nature can he lost or wasted. All the heat imparted 
to the gas must be found again, cither as heat, or transformed 
into some other form of energy. In the case of our cylinder 
and piston, all the heat will be changed into work, and will 
be absorbeil in producing the expansive force of the gases 
driving out the piston. Were there no piston, and the cylinder 
open at one end, work, since it must be done by the expansion 
of the gases, would be done on the atmosphere. In no case can 
the heat imparted to the gas be lost. Either it is represented 
by the expansion of the gas, or curried oU' by radiation to the 
conducting substances surrounding the cylinder. 

The earliest and simplest example of heat transformed into 
mechanical energy is shown by a cannon, which is really a 
primitive form of heat engine. The bore of the cannon repre- 

14 
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a crlinder, the ballet is acted upon in the same way 
as a piston. A solid combustible is used to produce inflam- 
mable gsiSf but the effect is the same a\s in a gas motor. Heat 
applied to this combustible or |iowder causes it to explode, and 
the forve of the explosion, or expansion of the gases generated, 
drives out the bullet with great velocity. Not only can heat be 
thus transfornuHl into actual work, but the converse proposition 
that energy may be translated into heat, has been demonstrated 
bv many careful experimi^nts. Bi>tli are mutually convertible 
fonvs, and this may be verified by suddenly arresting the pro- 
gress of the bullet. The energy of motion imparted to it by the 
ht^t of ci>mbustion and not yet expended, is immediately re- 
transfornuHl into heat, and the bullet is found to be much hotter, 
than if it had been allowed to continue its course till its velo- 
city was spent. Sir Humphrey Davy demonstrated the truth of 
this pro|H>sition in another way, by his celebrated experiment 
of rubbing two pieces of ice together in a vacuum, without 
change of temperature. Water was produced, showing that 
the iiV wjis partially melted, and the heat require^l to effect this 
ohange of atate ci^uld only have been obtained by friction, — that 
is, by nuM*lmnioal energy or work, as no heat had been added 
eNtenmlly to the ice. 

The theory of the Mechanical Equivalent is equally applicable, 
whi»ther a gas b(» heated or cooled. If hi*at be imparted to it, 
ami the v:aH allowed to expand, the particles are driven further 
aiMirt, if heat be abstnictt\l they shrink. Work will be done 
e»» the gas by contraction, instead of hy the gas through 
oximnMion. l»ut if a gas In? compressed at constant temperature, 
and no lieat al>stn\cted, work Wing done on it, and the gas 
««AUMed to diniinish in volume, boat will l>e .stored up, and the 
temp«»i*aturt» of the gas raised. The enrriry of motion or 
lueolmnieal work of ct>nipression of tht» particles is transformed 
Into ln»«t. If, however, the heat is carried oti* in projK)rtion as 
it In evolved by contniction, the gjis will, as has been shown, 
tfmd\mUy dtHTease in volume, in tenn^'rature, and in pressure, 
until tht» iHunt of absolute zerv> is reached. In this way the law 
of the Meeiianieal Equivalent ^\>ntirms the existence of an absolute 
»en». If it wen* |HK^sible for the gas to exceed this limit in any 
one of its thrtv characteristics, tlie fundamental law of thermo- 
dviwimies would be violated. If it could decrease still further 
in volume, work would W done in Ci»ntra.tion without any 
ooireHpondiug diminution in tempt latuio, and wo should have 
energy without hi»at. The two a i . t< ot tl;e law in its 
npplieutiou to gases an\ ex|KUision i'\ ti.r a.iiiiti.'n of lieat, and 
euuliaction by the withdmwal y^( lu at. 1 m a ht a: motor the tirst 
IM ealled iMvsi\ive« and the second noirative work. It is with the 
''Wt producCHl by external wvuk. that the theory and practice of 
engiuMi is chiefly cinuvrned. 
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Thermal XTnita. — The iii-ojiortion between tlie lieat addeil 
anU work cloiio lifing a tixcd <ju>intity, it is possible to determine 
aecurutely thn work tlieoietieally |*rforineil for a jpven amount 
ol*lieat supplied. The two are linked toguther in practice, and 
tlie relation in which they stand to each other ia expressed in the 
following WHv : — In England it is usual to reckon that one unit 
of Heat or 'British Thermal Unit (B.T.tJ.) raises 1 lb. water 
1° Fahr, and if tliis unit of h&it he u|>plied tu a body, it is 
equivalent to the work of lifting T7i Iba. 1 foot in height, or a 
weiglit of 1 ib, a distance of 772 feet. On the Continent the 
unit i){ lieat is called a "calorie." One ealorit raises the tem- 
perature of 1 kilogramme of water 1° C, and if tiiis quantity 
of heal be convei-ted into work, it will lifl 42Q kilos, through 
1 naetrn, or 1 kilo, through i'2r> metres. The unit of measure- 
ment of work is called loot-pound in England (ft. x lb.), and a 
kilogram metre abroad (kilo, x metre). The difference lies only 
in the respective units of weight, and temperature employed 
here and on the Continent. 

The measurement of the exact proportions between heat and 
work was determined by James I'rescott Joule, after long and 
careful exjieriuients. The apparatus he principally made use of 
to verify the law of the nipchanicat equivalent consisted of a 
closed copper vessel lilli'd with water. Within it were revolving 
paddles attached to a V(<rtical spindle. The spindle and poddies 
were made to rotate hy means of a cord passing over a pulley 
connected to a weight. When the weight fell, the spindle 
rotated, causing the paddles to revolve and to agitate the water, 
and heat was produced hy friction between thcni. The rise in 
degrees of tenjperature of the water was found to be exactly in 
proportion to the distnnce in feet |iassed through by the weight, 
multiplied hy the number of lbs. it weighed. From these and 
many similar experiments with water and ga^es, Joule deduced 
his grent law. 

Specific Heat. — All bodies have not the same capacity for 
absorbing hejit. Tliose which are heate<I without changing their 
physical siuti- rei^uire less heikt to raise their temperature than 
bodies which are converted, during the rise, say from liquid to 
gaseous. A large quantity of heat must, for instance, be imparted 
to water, liecause. after it has absorbed a certain amount of heat 
it ceases to be a liquid, and becomes a gas, steam. Specific heat 
is the quaulity of heat necessary to vary the temjierature of any 
body through one degree, the quantity of heat required to raise 
or lower the temperature of an equal weight of water through 
one degree being taken aa the unit. Water is univerBally 
adopted as ihe stanilanl of comparison, and its s|iecific heat 
being grctter than that of most other bodies, their specific heats 
are expressed in fractions. For example, a heat unit represents 
the amount of heat required to rui.se 1 lb. of water 1° F., there- 
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fore, 100 licat units will raise its tenipei-atiire 100' i'. The specific 
heat of mercury ia 03333, To raise 1 lb. of mercury through 
inO" F. will require -03332 x 100" x I lb. = 3-332 heat units. 
The specific heat of mercury is, therefore, about j'^ that of 
the same weight of water, which requires thirty tiinea morn heat 
iinils to bring it to the same temperature. Specific heat has been 
ably illustrated by Mr. H. Graham Harris under tlio similitude 
of" appetite."* 

Further, the specific heat of the Hame body will vary according 
to circura stances. If the body remainB under stationary condi- 
tions, its specific heat will be leas than if its condition changes. 
To return again to the cylinder containing a given volnmeof 
gns. As long as the gaa remains inert or passive, and its volume 
does not vary, it ])0S3esses a definite specific heat, which being 
known, the quantity of heat to be added, to raise it to a certain 
temperature, can be calculated. But if the piston is driven 
out, by reason of the expansion of the jjaa which, accord- 
ing to Giiy-I.UBSac'a law, incre-ases in volume by 5^-3 for every 
degree rise in temperature, work will be done, and heat will in 
consequence be expended. Moi-o heat will, therefore, be i-equire<l 
to heat the gas — that is, ita "heat appetite" will lie greater when 
it has forced out the piston than before. Under the (irst condi- 
tion, the heat absorbed by the gas is defined as its " specific heat 
at constant volume," because, the piston being stationary, neither 
the volume of the cylinder nor that of the gas has varied. Aa 
the piston moves towards the end of the stroke, (he volume is 
increased, and expansion takes place. The heat of the gaa is 
then called its "specific heat at constant pressure," because, 
while the volume of the cylinder has varied, the pressure over 
the ] list on area has been constant. Therefore the specific heat 
of the gas at constant pressure will be higher than at constant 
volume, and the pru[)orlion between the two representa the 
work done by the gas. That is to say, the increase of specifio 
heat in the gaa denotes the amount of heat required to maintain 
the requisite pressure on the piston, and, therefore, the work it 
has performed. 

Tlio ratio between these two specific heats is of great import- 
ance, and has frequently to be employed in calculations of effici- 
ency or mechanical energy in a heat engine. It varies slightly 
as given by different authorities, but is usually reckoned at 1-39 
by foreign, and l-40f< by English writers. The following table, 
taken from Regnaiilt, Grashof, Ayrton and Perry, and others, 
gives the specific heats of various gases at constant pressure and 
constant volume, and their ratio ; — 

• See Mr. Harri«'» Cantor Lectures on " Heat Enaines other than 
Steam," doUvered liefore llie Society of Arts, May, 1859, to which the 
stu'lcnt is referred for an eiceediDgly clear elementar; trmtnicnt of the 
lubjett. 
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Table of Specific Heats of Gases (from varions Authorities). 
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1 Specific H«at 


Specific Heat 






ut Constaut 


at Constaot 


Batio. 




Volome. 


PreMare. 




Air at oniinary temperature, . 


0168 


0237 


1 41 


Dry air (Kaukine's constant), 




0169 


0-238 


1*40 


Steam, 




0*369 


0-480 


1*30 


Hytlrogen, 




2-406 


3-409 


1-41 


Nitrogen, .... 




0173 


0*243 


1-41 


Oxygen 




0155 


217 


1*40 


Carbonic oxiile, 




0173 


0*245 


1-41 


Carbonic acid, . 




0171 


0-216 


1-26 


- XA_i.l 




1 0-470 


0-593 


126 



and expansion greater. But to obtain a maximum of work, all 
sources of waste must be guarded aj^jainst. The temperature of 
the gas should, at the outset, be raised to its highest limit, as 
much heat as possible utilised in expansion, and as little as 
possible wasted. It is necessary to have at our disposal a source 
of heat and a source of cold, the one to impart, the other to with- 
draw tlie heat. These conditions bring us to the second law of 
thermodynamics, known as Carnot's, because it was first laid 
down bv him in 1824. It is as follows : — 

Carnot's Law. — II. If heat is exchanged at constant tem- 
])eratun; between a source of heat and a source of cold, the 
proportion between the quantity of heat furnished and that 
abstracted depends only on the absolute temperatures (Centi- 
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grade + 273°), ami not on the nature of tlie body to wliich the 
heat ia imparted. The expression ■' constant temperature " 
uieana, nut that the amount of henC present does not vary, but 
that it variea only in proportion to the work done, so that tlm 
temperature is not aflected. This law, -when applied to the 
pheuomuia in a beat engine, results in what ia called a "per- 
fect cycle." It supposes the whole difference of temperature 
between the " heat " source and the " cold " source to be utilised 
in doing work, and no heat to be carried oil' and u'osted, a. con- 
dition of things, of com-se, impossible in |iractice. 

But where, it will be asked, is the necessity for a source of 
cold! Since the more heat is added to a gas, and absorbed in 
expansion, the more work will be done, why sliould not the 
whole of the imparted heat be thus utilised, and none remain to 
be -withdrawn 1 The reA.son is that, as th«re is an absolute sero 
to which no gas can ever lie cooled, therefore the wliole heat 
can never be converted into work. In a motor driven by water 
falling from a given height, to turn to practical account all the 
energy stored up in the water, it abonld fall to the centre of the 
earth ! As it can only descend a given distance, from whatever 
height it may come, only a certain prnportion of its energy can 
be utilised. The same law apjilics to the fall in temperature of 
a heat engine. It is only witliin certain limits that this range 
of t«mperature can be varied, but the wider the limits, the 
j^ater the foi-ce or energy obtained. To enlarge these limits as 
much as possible, heat must be added, and the temperature of 
the working agent raised at the beginning. 

This fall in temperature of a. gaa, and the corresponding loBB 
in pressure upon the piston, takes pkce inside the cylinder of a 
lieat engine. To ailculate the work done, it is very desirable tu 
have a record of the actual pressures during the forward stroke. 
"This ia obtained by an instrument called an indicator, which ia 
placed in direct communication with the cylinder, and gives a 
-diagram marking on paper the varying pressures. The curve 
traced first risea abruptly, marking the sudden rise in pressure due 
to explosion at constant volume, and then falls gradually with 
increase of cylinder volume, showing how the pressures slowly 
decrease as the piston is driven out. To exhibit clearly the pro- 
portions between the loss of heat and pressure and the work done 
daring the changes in the gas, two theoretical curves are used. 

1. The first is known as the Isothermal, and signifies from 
its name the curve of equal temperatures. Here the piston of 
a cylinder moves out, by the expansion of the gas produced by 
the addition of heat, and the effect of tlie expansion is repre- 
aented by a curve in which the temperatitre is constant, and 
the pressure alonn falls. It has been proved that, where work 
is done on the piston by a gas, the temperature must fall; the 
isothermal curve, therefore, is based on the assumption that 
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heat ia Added to the gas, to compeiiaate fov that lost in expan- 
sion. This curve is never obbLiried in practice, but it is occa- 
sionally approHclieU when the process of exi)aiision in a heat 
engine is rtiversed, and heat is refonded to the gas by compres- 
sion. In either case, the volume of the gas varies in inverse 
ratio to the pressure. 

'2. The Adiabatio is another theoretical curve, representing 
the full in temperature when heat is neither added to nor ab- 
stracted from the working agent, but expended onlj in doing 
work \iy expansion on the piston. The term is derived from a 
Oreek word signifying " impenetrable," and was first applied by 
Itaukine. The nearer the aiagrauia of pressure approximate to 
this curve, the more pi'rfectly will the engine utilise the heat 
imparteil to the gaa. If the difference in tlie specific heat of a 
gas at cODsIant volamo and at constant pressure be taken as 
representing the heat turned into work, the ratio between the 
two is graphically shown by the adiabatic curve. Since no 
heat ia added or withdrnwn, the temperatures of the adiabatic 
curve may be neglected, and the curve itself expressed only as 
volumes and pressures, thus ^ x v*', or ; — The pressures of the gas, 
multiplied by the volumes, raised to the power of the ratio of 
the two sjiecific heats. 

Carnot'B Cycle. — Fig. 98 givee a graphic representation of 
Camot's law which, plotted out in the shape of the curves Just 
described, forms a perfect or closed 
cycle. Here the working agent, after 
passing through the phases of the 
addition of heat, expansion, abstrac- 
tion of heat and compression, is 
brought Itack theoretically to lis 
original condition. The processes 
of heating and cooling can be con- 
tinuoLisly repeated, or the sequence 
of operations reversed. The neces- 
sity for a source of cold is manifest. 
If the working agent is a gas, it 
must be cooled to its initial teropernture, and this cannot Ite 
accomplished by the work of expansion alone. It has hitherto 
been found impossible in any engine to allow the gases to expand 
to atmosphere, and thus use in work all the heat generated. The 
cycle (Fig. 98) is formed of two isothermal and two adiabatic 
curves, and shows their theoretical forms on a small scale. The 
gas first receives heat from the source of heat^ and expands along 
ttie line A B with increiise of volume. As the temperature is 
not allowed tu fall, the curve represents an isotliermal. From 
6 to C there is another increase of volume. The gas expands 
without the addition of heat, the temperature falls in coDse- 
<juence only of work done, and this line shows the curve of adia- 
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bktie txpmanon. At C commniuektioii is opened wiUi the aonrca 
of eold, and beat is sopposeid to be withdr&vn along the line 
D to the MBM extent as it was added from A to R Tha 
ToluDe U ben diroinisbed, and tlie line C D is again isotbemaL 
Kom D (o A the gas is compressed witbont beat being alEtraded, 
and oonaeqiienUjr increases in temperatore. in profmnioti to tbe 
woric done npoo it. Comprasion is adiafaatic and at tbe end 
of tbe cjcla tbe gaa has retamed to it^ ori^nal roliim>e. 

Actnal indicator diagrsms of gaa engines do not Bsoallf eoomt 
of toar earrea. There is fint tbe line of addition c>f be^ nearlj 
▼ertical, tben tbe pipanaion line, conforming more or less to tbe 
adialiatic, and lastly the eihanst, or discbarge of tbe remaining 
beat to tbe cold soarce, whicb is generalljr ncariy horixontaL 
(See tbe diagrams of the variotis engines.) 

It is tbe peculiar merit of the Camot cycle that hot is added 
when the gas is at its highest temperature, before any work has 
been done, and abstracted at it.i lowest, after eipancion. Since 
the mechanical energy obtained is in strict proportion to the 
heat imparted to the working agent, this ideal or typical cycle 
famishes and utilises the Ivgest amount of heat. Him, tbe 
great French laranl, says: — "It must be evident that this closed 
cycle has been de«igued to afibrd a maximum of work. The 
heat given np by the source of heat has been employed solely to 
produce work, snd a maximum has therefore been ol«ained. The 
heat sent on to the refrigerator has been evolved as economically 
as possible, since the work has produoed no variation of tetoper- 
ature. The object of the other two operations (along the curves 
C D and D A) has )>eeD solely to cause a fall and a corresponding 
rise in the temperatures and pressures.'' Thus the cycle obtainea 
is perfect, since the heat supplied from thti source of heat and 
by compression, is equal to the heitt expended during expansion 
and conveyed to the refrigerator. Therefore the working a^nt 
or gas is at the close of the cycle in the same condition, that is. at 
the same temperature and pressure, as at the beginning. Clearly 
the source of heat and the reMgerator act by alternately expand- 
ing and contracting the working agent or gas. 

Camot's Formnla. — This cycle may be expressed by the 
following formula, in which Q represents the quantities of heat 
supplied by the source of heat, and 9 the quantities passed on 
to the BOtuce of cold, or in other words, rejected becanse they 
cannot be utilised. Tj is the absolute highest, and Tg the absolute 
lowest temperature, and E what is called the theoretical efBci- 
ency of the engine : — 

Q - 1 _ T, - T. _ _ T, 
Q T. T, 

On this theoretical basis the heat effidency is calculated between 
A^dghest and lowest temperatures. 
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Numerical Example. — In the Alkinxon 9 H.P. engine, tested 
brtheConirattteeol'tlie Society of Arts in 1888, the temperature 
of the gases (Fahr.) on entering the cylinder wiia 576' ftl»ijlut« 
(T(|), and their temperature at tlio moment of highest px|ilustoD 
2990° absolute (TJ. The theoretical formula yf efficiency ia— 
p „ T.-T„ _ aWO° - 576- _ 

The student will here be inclined to ask what, in this simple 
formula, beuomeB of the lutios of specific heats at constant vulu me 
and pressure, the coefficient of expansion, and the other complex 
phenomena of expanding gases nlready descriljetl. Tliey are here 
expressed in their simplest forms, and nothin;; is taken into 
account except the quantities of heat, and the temperatures, 
Kow the temperatures in a heat engine must, except the initial 
temperature of the gases, be deduced from the pressures and 
volumes. It is in making these calculations that the specific 
heat of the gases under different conditions, the ratio of expansion 
to increase of temperature, and other modifying circumstances 
have to he considered. To ealculitte the work of an ocIuhI engine 
four or five temperiitnres, with tlieir cori-eaponding variations of 
volumes and pressures, must be determined and calculated from 
experiment. The above formula gives the method of calculation, 
not the process by which it has licen arrived nt. 

Ideal Bfflcigncy. — Both the highest and lowest temperatures, 
T, and T^ in a heat engine, and the muKimum amount of work 
which may be obtained from it, are restricted within certain 
limits. Even in this perfect cycle, it has been jiroved to be 
impossible for the lowest temperature, Tp, to liill below a given 
point. The highest, Tj, is almost as rigidly defined br the 
phenomenii of dissociation, the power of the cast-iron cylinder 
and the lubricant to resist great heat, and other circunistnnces. 
A perfect engine, therefore, is not one giving unlimited expansion, 
and 100 per cent, of work, but one which turns all the hnnt 
supplied to it between the limits '\\ and T^, into wurk. This is 
its maximum utilisation of heat, or what is colled the "ideal 
efficiency" of the engine, which we will now compui-e with the 
practical efficiency, or the amount of heat a working engine can 
actually convert into motive power. 

To obtain the highest efficiency, an ideal engine must be sup- 
posed to work with — 1. A perfect gas, the volumes and pressures 
of which conform to the laws of Boyle and Gay-Lussac. A study 
of the chemical constitnents of gases, and iheir Hction during 
combustion, shows that this conformity is never obtained in the 
cylinder of a gas engine. 3. No friction of the working parts. 
Friction generates heat, and heat wo know is the equivalent 
of energy. Part, therefore, of the mechanical energy of the 
motor, which in an ideal engine cannot be taken into account, 



218 



GAS ENGINES. 



is absorbed to produce this heat. 3. No radiation or oonduction 
of the heat through the walls of the cylinder containing the gasu 
Of course it is impossible to have a vessel theoretically of this 
nature, that is an absolute non-conductor of heat. As soon as 
the gas is at a higher temperature than the surrounding atmo- 
sphere, a certain portion of the heat must be transmitted by 
radiation to the colder external air. 4. Lastly, expansion must 
be prolonged till the temperature and pressure of the gases is 
the same as at admission. TJiis is also impossible. The tem- 
perature of the gases is always much higher than T^, and there- 
fore much heat is discharged at exhaust. 

Other Cycles. — In the diagram shown at Fig. 98 the 
curves A B C D enclose an area representing not only the 
heat supplied, but the amount of work done by a heat engine. 
The curves, and therefore the shape of the area, may, however, 
vary according to the way in which the heat is supplied to, and 
withdrawn from the engine, or according to the expansion and 
compression of the charge. Figs. 99 and 100 represent two other 





Fig. 99. — Constant Volume. 



Fig. 100.— Constant Pressure. 



theoretical cycles known, the first as Stirling's, the second as 
Ericsson's. Though the curves are here of different lengths they 
are, like those forming Camot's cycle, theoretically perfect, and 
form the boundaries of an equal area. Heat is added in both 
cycles from D to A, and abstracted from B to C, and these lines 
are designated by Professor Witz " isodiabatic," or lines of equaJ 
transmission of heat. The curves A B and C D are no longer 
adiabatic, but isothermal. The first represents the whole of 
the useful conversion of heat into work at constant temper- 
ature; in the second the heat is refuiuUMl, and the same amount 
restored to the gas by compression as was expended in work. 
The lines BC and D A are straight, ])ara]lel in the one case to 
the vertical line, called an ordinate, at the left hand of Fig. 99, 
and in the other to the horizontal line (abscissa) at the lx>ttom of 

ig. 100. The areas enclosed within these curves form the bases 
calculation of all diagrams representing work done in any 

at engine. The ordinates in a diagram are in proportion to 
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tlie pressures in llio cylinder, the abacisste to the length of 

The hoi'izontal lines in these figures rept-esent the volumes of 
the cylinder. Along this line the piston may be said to travel, 
driven furwai'd by thn expanding force of the gas, and the farther 
it moves to the right the larger the cubic contents of the cylinder. 
If the piston is movfd half way along the horizontal linc^ half the 
volume of the cylinder, reckoning from the dead point, will be 
uncovered by it. The horizontal line in an indicator diagram, 
therefore, re|ireaent8 volumes of the cylinder or lejigths of 
stroke, and distances along it are calculated in feet or metres. 
The vertical line in the figures, and in indicator diagrams of 
heat enginea, represents the pressures of the gas obtained by the 
addition of heat, and is usually divided into sections reckoned 
as no mauy lbs. pressure per square inch of piston surface. Si> 
that we get horizontally /eel, and vertically Ibe., or ft. v lbs. = 
power proportioned to urea of diagram. 

Indicator DiagraniB. — It will make the study of the heat 
engine easier to the student if we descril)e here how rh actual 
indicator diagram is taken, and the kind of instrument used to 
trace it. The Hume type of npjiaratus is employed in gas ns in 
steam engines. It consists of a small piston and cylinder in 
direct communication with the inside of the motor cylinder ; the 
piston is forced up or down with the varying internal pressures 
produced by the expansion of the gas. To the upper part of this 
piston is attached a small pencil. A drum covered with pper 
is made to travel to and ^ at the same relative speed us the 
motor piston. The apparatus is so arranged that as the drum 
moves horizontally, the pencil of the indicator piston moves 
vertically. The pencil goes up and down in proportion to the 
cylinder pressures (lbs.) and the paper travels to and fro in pro 
portion to the strokes (ft.) These two movements are brought 
in contact, and the pencil traces a diagram on the paper (see 
Fig. 102, p. 237). The vertical lines of this diagram represent 
lbs. pressure per square inch on the piston surface, and the hori- 
zontal lines feet travelled through by the piston. 

The pressures and the volumes of a gas being known from the 
indicator diagram, the temperatures are usually'calculated from 
them. To determine these temperatures in a gas engine is, 
however, a difficult process, because many scientiJic men are of 
opinion that, at the moment of esplosion, the gases in the 
cylinder are not at a uniform temperature throughout. In the 
two closed cycles given in Figs. 9D and 100 the lines of addition 
and abstraction of heat, D A and B C, are in the lirst tigure 
parallel to the pressures, in the other to the volumes. Thia 
means that in Fig. 99 the heat is supjxised to \te added from 
the source of heat and withdrawn, while the volume remains 
constant, and the piston stationary at either end of the cylinder. 
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CHAPTER XVII. 

THE CHEMICAL COMPOSITION OF CAS IN 
GAS ENGINES. 

CoSTBNTS. — Atoms anil Molecn leg— Chemical Symbols — Atomic Weiahta — 
Molecular Weigh ta—Stieci fie Heat— Chemit-al Kquatioos— Heatot Com- 
liiutioD of Gbb— CompoBiCion of Cool (ias— Calorilic Value of Cool Uob, 
and of other Gaties. 

It) the preceding chapter ve have seen that a gaB engine is 
simply one form of heat engine, and that its object is to traoB- 
forin heat into work through the medium of gaS'— the working 
agent. We now want to know, further, how this proceaa is 
carried on with maximum efficiency, so that the largest possible 
proportion of the whole heat we add to the agent may be con- 
verted into useful work. 

We must, therefore, eiaroine more closely into the nature, 
composition, and specific properties of the gas employed. 

The object of this chapter is to determine — 

1. What coal gas is ; 

2. How miicli air is required to burn it ; 

3. How much heat is given out during combustion, and 
carried away by the residual gases. 

As the nomenclature adopted by chemists renders the treats 
ment of the problem of combustion of gases very simple, it will 
be convenient to begin with a brief explanation uf its main 
prineiples. 

Atoms and Molecules. — All apparently homogeneous sub- 
stances are composed of extremely siiiall jiarticles, called mole- 
euleg, which, for any given substance, have the same weight. 

These molecules, which are the smallest particles of the suti- 
stance which can esist in I he free sUite, are, in general, cuinposed 
of still smaller jtarticles, called alomi. If uU lliu alums in the 
molecules ore identical, the substance is known as an element, 
inasmuch as in this case, it is not possible tii break it up into 
two or more distinct bodies, If, on the other hand, two or more 
different kinds of atoms exist in the molecule, it is known as a 
compouiul. 

The fundamental law upon which ohnmistry at the present 
day is based, tirat enunciated by Avogadro, is — " Equal volumes 
of gases (under the same conditions of temperature and pressure) 
contain equal numbers of molecules." 
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There is another way of stating tliis, which is sometimes use- 
ful. Take a cubic foot of any gas, say oxygen, at a fixed tem- 
perature and under a fixed ))ressure. It contains n molecules^ 
where n is a very large number, only roughly known, and the 
exact value of which is not required here. The average space 

occupied by a molecule of oxygen then, is cubic feet. This is 

called the " molecular volume " of oxygen. Now, since the same 
volume of any other gas, say hydrogen, by the law first enun- 
ciated, also contains n molecules, its molecular volume is also — 

fi 

cubic feet Henco, another way of stating Avogadro's law is — 
"All gancs have the same molecular volume." 
To resume then — 

1. All atoms of the same element have the same weight. 

2. All molecules of the same compound have the same weight 
and tlio same volume. 

Chemioal Symbols. — As an abbreviation for one atom of an 
element, the first letter or first two letters of the word is used ; 
thus, C stands for an atom of carlK)n, H for an atom of hydrogen, 
O for an atom of oxygen, N for nitrojf^en, S for sulphur, and soon. 
Two letters placed together represent a molecule of a compound; 
thus, C(.) denotes out? molecule of the compound carbonic oxide, 
formed by the combination of one atom of carbon C, .and one 
utouj of oxygen O. Similarly CO., denotes a molecule of the 
compound earlKUiic acid, c(mUuning three atoms, one of carbon 
and two of oxygen. -COo denotes two molecules of carbonic 
acid. 

Atomio Weights. — Now the actual weights of the atoms are 
excessively minute, and are only known very roughly indeed. 
But the relative magnitude of the weights of the atoms of the 
various elements can lx», and has been determined with very 
consideralile accuracy. It is customary to take the weight of 
the lightest known atom, hydrogen, as unity; «nd the values 
for ** atomic w«ight" found in works on eljeuiistry, represent 
the weights of the atoms of the various elements as multiples 
of this. 

All tho gaseous elements dealt with hen* contain two atoms 
in each molecule. Thus H.,. N.„ 0., an* the molecular formula 
for tho elementary gases — hydroijen, nitn^^<'n, oxyi^en respec- 
tivelv. Fnmi this, and with .\vi>ix;ulro's hiw, it is easv to tind 
tho atomio weights of uiti'ogen and oxvLrni. It is foiuul that 1 
cubic foot of hydrogen weighs •OU.').')** I li>. undrr staiul;ird con- 
ditions of pressure and temperature, 1 cnUio fout of oxygen 
weighs *0894A6 lb., and of nitrogen, \iniier tlie s.iine o(^nditit>us, 
•078 J8 lb. These numbers are in the ratio of 1 : 10 : 14. 
Weuce, if nHj — 1 unit of weight. l»y Avogadros law tho same 
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lumber «03= 16 units of weight, and nNj = 14 units of weight — 
K., the atomic weights of hydrogen, oxyjjen, and nitrogen are 
s 1 : II) ; 14. The only atomic weights required in this 
hapter for gaa engines are ; — 



TABtB or Atomic WBtntns. 



E,™„.. 


Djdragen. Oijf en. 


NEtrogtD. 


CU'bon. 


S^lphor. 


•Symbol, . . 
Woight of Ktom 


H 1 
1 j 16 


N 

U 


c 

12 


S 
3-2 



.Voleeular WeijrAte. — The "molecular weight" — i.e., the total 
weight of PBch molecule, when tlin hydrogen aloni is the unit of 
weight, is obtuiaed by simply ndiling together the wi^ights of its 
constitut^nt atoms. Thus tlie molecular weight of hydrogen, H^, 
ia 2 ; of oitygen, Oj, is 32 ; of carbonic oxide, CO, 1 2 + 1 --= 28 ; 
of iiiarsh gns, CH,, 12 + {1 x ■!) = 16. Hence the weight of 
1 cubic foot of hydrogen being 00559 lb., that of a cubic foot 

of carbonic oxide is (^-^—-) = H x -00559 ; of marsh gas, 

— ^- = S X 'OOSS!) J and so on for any othtir gaa. 

— Tf u quantity of heat is added to a gas it 
.ncreasc of prusuure, tcni[wi'ature, or Tolume, 
< of all three. Thus, there may be several 
" ajiecilic lieats." The only two generally used are ;^ 

(1) The specific heat at constant volume, which is defined as 
the number of units of heat required to ruise ilie temperature 
'if ihii unit weight of gaa through V, tho volume of the gas 
reniaiiiing constant; and 

(!') The specific heat at constant pressure, wliere the gas is 
allowed to do work by expanding. 

Of these the former, which is obviously the smaller number, 
is eouietimes termed the " true specific heat," all the heat going 
ia tliis case to increase the internal energy of the gas. 

For the elementary gases, hydrogen, oxygen, and nitrogen, 
and also for carbonic oxide, it is found that the amount of heat 
required to raise equal volumes thi-ough 1° is very nearly the 
same ; or, in other words, that the specific heat >; molecular 
weight = constant It is also found that the specific heats are 
nearly independent of the temperature, tending only to increase 
very slightly with it. For the mnrr complicated molecules, 
such as marsh gas, CU^, eihyleue, C.Jl,, ic, which occur in 
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coal gas, neither of these relations hold, the amount of heat 
required to raise, say 1 cubic foot of ethylene through 1°F., is 
sensibly different from that, required to raise the same voluma 
of air throush VF., and, further, the specific heat increases very 
rapidly witli the temperature. 

The table of specific heats will be found on p. 213. 

Chemical Equations. — Chemical equations are symholic re- 
presentations of chemical changes. It will be convenient to take 
one equation as a ty|iR and explain, it in detail. The following 
is a useful example : — 



CH, 



20i 



Oifseb. 



CO, 



2H,0 



(12 + 32) + 2(2 + 16) 



This is interpreted as follows; — Since I ntoIwi^« of methane 
combines with 3 tnoUeules of oxygen, it follows, by Avogadro'a 
law, that 1 volume of methane combines with 2 volume* of 
oxygen, giving 1 volume of carbonic acid and 2 volunut of 
steam. This same equation also expresses the fact that 16 lbs. 
of methane require 64 IIb. of oxygen for complete combustion, 
and givi; as the resulting products 4* Iba. of carbonic acid 
and 3(i lbs. of steniii. By the term "complete combustion" is 
meant that tlio hydrocarbon combines with the maximum pos- 
sible amount of oxygen, giving carbonic acid and water only as 
the final pi'oducts. 

When the quantity of oxygen required for the combustion of 
each constituent is known, the next step is to cleterniiue the heat 
evolve.l by combustion. Ah this heal cannot he measured in 
the cylinder of an engine, the calorimetric value of the gas is 
obtai[ied by huiiiing it in oxygen. For this purpose an in- 
strument is em|iiuyed, called a calorimeter. AIM. Favre and 
Silbermann were the lirst to design an apparatus lor ti'sting the 
heating values of solid, liquid, ami gaseous fuels, and other 
calorinieter* have since becii brought out. 

Heat of Combnation of Oaa. — The amounts of heat de- 
velo])ed by the complete combustion of the various carbon 
compound.'! contained in coal gas, have been experimentally 
tletermined in two ways. Firstly, by burning a current of the 
gas in <|ucstion in oxygen or air at the ordinary atmospheric 
pressure, and, secondly, by exploding a mixture of the two gases 

The advantages of the second niethod, which was first used 

by Andrews, and ha^ been recently employed in iiu improved 

form by M. Berthelot and M. Alahler, are that the combustion 

m place at constant volume, and that on account of the 

much shoi'tei' time occupied by tlie reaction, the " corrections 

. il^r cooling " of the calorimeter are very much reduced. 
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One gramme of the fuel, the Leatiug vnlue of which is to 
be determineil, is introduced into the closed vessel or bomb, 
placed witliin an outer shell till' d with wuter. Pure oxygen 
is then admitted to the inner veiisel at a pressure of S& 
atmospheres, the mixture is instanlaneously fired by the 
electric spark, and the rise in temperature of the surrounding 
water shows the heat evolved during combustion. Extremely 
delicate thermometers are used, marking the rise in temperatura 
to within yj^ of a degree. M. Berthelot lined his inner vessel 
or calorimetric bomb with platinum, to resist the sudden and 
intense heat. This metal is very costly, and a less expensive 
calorimeter has lately been tntrtjduced by M. Mahler, in which 
the "bomb" is of steel lined with enamel, but it is similar to 
Berthelot's design in other respects. 

With the help of this apparatus, the heat of combustion of coal 
and other fuels, solid and liquid, and of most kinds of combus- 
tibles, has been determined. Ttie following table j^ives the valuea 
by the different authorities of the heat produced by the com- 
bustion of the chemical constituents of coal gas, and also of solid 
carbon : — 



Hkat pboducro bv ibk Combvstiom or H, C, CO, Sx. (from Oatwsld's 
VenBandtachnfiiLihn, 1S87). 



„.„„«„,™.., 


ITulu uF lint **olwd hj 


rrir.^rr""' 


Vtrr. .nd 


THomien. 


Bsnlialat. 


ThamHs. 


Carbon. C. . . . 
Cwhoiiiooiide, CO.. . 
Mursli Uas. CH. . 
Kthylene, C,H„ 
Benzene, C,Ht, 


C.t 
34,4fl0 

s,oso 

2,40.1 
13.06-2 

tl.8S7 
9.11 15 


34,IH0 

S.fWO 
S.4M 
13,244 
ll.OOT 
10.249 


34,600 
8,13S 
2.439 
1.'J.344 
12.193 
9.949 


RT.n. 

6i,cao 

14.540 
4.372 
23.850 

21.4*1 
18,44S 



That is to say, 1 gramme of carbon completely burnt gives out 
sufficient heat to raise the tempeniture of 8,0tJ0 grammea of 
water 1' C. or I gramme wati'r 8,080° C. according to Favre 
and Silbermann's reckoning. MM. Berthelot and Malder claim 
to have obtained more accurate results with iheir new calori- 
meters, owing to the more rnpiil and complete method of 
combustion ; their values are sliglitiy higher. 

The following Ubl<^ slinws the number of British thermal 
units given out by the complete combustion of 1 cubic foot of 
each of the gases usually present in coal gas : — 
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1,066 
1,678 

4»023 





The vnit of kemt iise«l here is the amoant of hemt required to 
1 IK of wmter, at 64* to 6S* F^ V F. The difleRnee 
between the specific heats of water at 0* C and water at 19* is 
only about 1 in 1,000. The products are supposed to be cooled 
down to about 19* C. As the figure giTfu for hrdrogen includes 
the latent heat oi steam, it maj be replaced bj the figure 
in which this latent heat remains in the steam gas^ 

Oompositioii ol Goal Gaa. — A% reg a rd i the actual 
position oi eoal gas^ the following table» taken from Schottler. 
dhows an aTerage composition of 1 cubic foot of ordinary 
Hanorer lighting gasy distilled firom eoal in retorts^ withovt 
admixture of air: — 

CVmoosriobi or 1 
Cau. Gas {ScUmier% 



To^ 


^-6^ 


- - 


^0666 


I^I^^^M^^A 


. C«H« 


-0637 


B^tyloH. 


CA 


-6611 


EkkykML 


C»H4 


•mes 


Hjdxv^oi. 


H, 


-1119 


Cvb«u?«i«ii^ 


CO 


^0»1 


CWboBiracid. 


COit 


-ttlOI 


NiliUf^viL 

1 




1^669 


. 



aU 
sulph 



38;M9 BLT.U: i 



are caDed 
tlf abnrbed 
aesd)^ thej are 



I ftLa, .*. s^Mtx 
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3voli.) 
BWtfltiu, C,H| (Synonyiii— Tetrylene). 

C,Hs + Cti, = 4C0, + 4H,0 

(1 vol.) + (Gvols.) = (4¥i)1h.) + (4 vols.) 
Molecular weight. AC ; woight of a. cubic foot, 28 > -005591 = '1566 

Kthylair, CjH, (.Syuonjins— Uleliuit gui, ethcae). 



Moleculu- weight, 28 ; weight of a cubic foot. 14 x '006&91 = 0783 

jtfetAane, CH4 (Synony ma— Marsh gu, firedump). 

CH, + 20, = CO, + 2H,0 

(I vol.) + (2voIb.) = (1vol.) + (2vola.) 

Molecular woigbt, 18: weightof a cubic foot, 8 « -005S91 = -0**72 



MutecuUr weight, 2 : weight of a cubic foot, -005991 lb. 

Carhonir Oxide, CO (SynoDym— Carbon monoiide). 
•CO + iO, = CO, 
(1vol.) + (i vol.) ^ (I vol.) 
Molecular wnght, 28 ; weight of « onbio foot, 14 >. -000591 = -078.1 

C'ar'ioiiie Add, CO, (-^ynouymi — Carbonic aohydride, oarbou dioxide). 
Molecular weight, 41 ; weight of a cubio foot, 22 x -005591 = -123 

Nitrogen, Nf. does not ]il*y any active part in the oombuition, but 
retnaina unchauged throughout the whole set of operation*. It acts u 
• mere dilaent. 

Molecular weight, 2S ; weight of a cubic foot, 14 > 005591 = -0783 



SiDce the wbole of tbo oxygen represented in the alnve eqaa- 
tiona has to come from the air, and aince there are in the air 78 
[ volumes of nitrogen to 21 of oxygen, it followa that one volamp 
.»»iwn •"...* I.R rejilaced by about 4-762 of air. 
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The preceding data may be conveniently tabulated as 
follows : — 



Tabls SHOwnro Products of Combctstion of thk Various 

Constituents of Coal Gas. 



Name. 


FormnU. 


DtfDifty !n lbs. 

per cub ft. at 0* 

C. and 760 mm. 

prefesure. 


Vo'ameii Oxy- 
geo requtrf»d 
for Complete 
CooibuaUoo. 


Vo!nmea 
of Air. 


Volamea 

CO, 
Produced. 


Benzene, . . . 


C.H, 


•2181 


74 


.35-71 


6 


Bntylene, . - . 


CiHg 


•1566 


6 


28-57 


4 


Ethylene, . . . 


C,H4 


■0783 


3 


14-28 


2 


Methane, . . . 


CH4 


•0447 


2 


9-52 


1 


Hydrogen, . . . 


H, 


•00559 


k 


238 





Carbonic oxide, . 


CO 


•0783 


4 


238 


1 


Carbooic acid, . 


CO, 


•1230 


• • • 


• • • 


• • • 


Nitrogen, . . . 


N, 


•0783 


• • • 


• • • 


a • • 



The composition of lighting gas is not constant. It depends 
upon the quality of the coal, the temperature of the retort, and 
the period uf distillation. The following table, from experiments 
by Dr. Wright,* shows the influence of the time that has elapsed 
after charging the retorts. 



Coal Gas. 







Time after Commencement of Distillation. 


Conatitaentfl. 














10 minutes. 


8 boors 25 m!n. 


5 boors 36 min. 


Hydrogen, . . 


H, 


•2010 per ct. 


•5268 per ct. 


•6712 per ct. 


Marsh gas. . . 


CH4 


•6738 „ 


•3354 „ 


•2258 „ 


Carbonic oxide, . 


CO 


-0619 „ 


•0621 „ 


-0612 „ 


Heavy hydrocar- 










bons, . . . 


• • • 


•1062 „ 


•0304 „ 


•0179 „ 


Nitrogen, . . . 


N, 


•02-20 „ 


•0-255 ,, 


•0078 „ 


Carbonic acid, . 


CO, 


•0221 „ 


•0149 „ 


•0150 „ 


Sulphuretted hy- 










drogen, . . . 
Cub. ft 


Stit 


•0130 „ 


•0049 „ 


•0011 „ 


10000 „ 


l^OOUO „ 


10000 „ 



The following table shows the composition of the coal gas in 
most of the large towns of Europe, Ac. : — 



*Joum. Chem. Soc,''No. 261, 1884. 
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Oaloriflo Value of 1 Cubic Foot of any Coal Gaa.— Pmm 
the table of B.T.U., p. 226. it is now easy to find Uie calorific 
value of I (jubic foot of any liglitiDg gas. it beinj; only necesBary 
to multiiily the volume percentage of each conibiistiblR gas by 
ita calurilic powfir per cubic foot, as given in the second column 
of tlial table. 

Talcp for example the following gas : — 



NuMorOu. 


Votmnulo 
sub. CL 


Vilna B. l-.U 


WBtibtlnlbi. 

pwMb. n. 


Tnlamn 
OiT«n 


Ibtbue, . . 
nhjl«M, . . . 


■4280 

■OifTT 
■027S 
•4360 
•04.10 
■0375 


456-2 
46-5 
gi'O 

I2S-0 
14 7 


■019130 
■002169 
004353 
■002437 
■0^>.366 
■O032L>0 


'S960 
■0S31 
-1688 
■Z180 
■0215 


1-0000 


736-4 


■0346SU 


1-3454 



i.«., 1 oubio foot of this gas on complete combustion would yield 
7:i0-4 B.T.U., or ^^ = 21,230 B.T.U. per lb. of gas, and 



i of oxygen or 640T of wr for 



•03^68 
would require 1345 toIu 
uompleto combustion. 

A^ a matter of fact, when 1 cubic foot of this gaa is mixed with 
1-345 volumes of oxygen, the explosion is so violent as to be 
quite unmanageable. Even when diluted with nitrogen aa in air, 
the correct proportions for complete combustion {here 6'407 
volumes of air to 1 of coal gas) still give too violent an 
explosion. This can be moderated by using an excess of air 
wliich acts as a diluent, lowering the partial [iressuro of the 
re-acting gases. This excess of air, together witlt the whole 
of the 5-062 volumes of nitrogen introduced with the re-acting 
oxygen, and the nitrogen originally present in the gas, un- 
avoidably impairs the etBciency, as the whole of this has to be 
heated up to the temperature of the cylinder ga^es. Further, it 
is discharged at a high temperature (about 400° to 450* C.) 
together with the carbonic acid produced in the rcsctioo, and 
the whole of this heat is wasted. In the various producer and 
water gases, formed by forcing air or mixtures of air and ateam 
over red-hot coal, the amount of nitrogen is considerable, and 
accordingly much less air is required for their complete comboB- 
tion. Thus, wherever coal gas requires from G to Id voluniea of 
air, DowBOn gas requires only IJ volumes. 

The following table gives the composition of several of thesft 
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II 


it 


it 


it 
Si 

11 


^1 

3| 


• 


W.torgM, . . . 
Stronjt gu, . 
Lowegu, . 
Dowton gu, 


o'lo 

003 

o-xi 

0-60 


8-6 
50-50 
63-0 
30fl 
18-73 
24-36 
20-00 


2-4 
O'OO 

03I 
1-16 


31 
0-15 
4-0 


24-4 
44-40 
35 
■>8'0 
25-07 
17-56 
21«) 


5-2 
1-60 
4-0 
34 
6-57 
6-07 
600 


5S-4 
si 

80 
48-98 
50-48 
4960 



It may be useful, as an example, to work i 
e of these, say Siemens' produt 



». 


STmt»L 


,.',T.rk 


Vulua 


OIdfISb 
V4]bs 


VoloniM 
In cub. (I. 


Volmw. 
or Air n- 

cnb-ft. 


Hydrogen, . . 

C»rl)onio wide, . 
Carbonic Mid. . 
Nitrogen, . . . 


H, 


-086 
■024 
■244 
052 
694 

1-000 


293-5 

1006 -0 

3423 


2S-24 
26-58 
8361 


•043 
-048 
■122 


■aoa 

-229 
■581 




I3S-33 


0-213 


1-016 



Hence the calorific power of this producer gas is, roughlj 
speaking, only ooe-fifth that of an equal volume of coal gas, 
and it requires only a little more than its own votame of air for 
complete combustion. 



OHAPTEK XVII 1. 
THE UTILISATION OF HEAT I 



Actual Otto Dingr 
Four Types of Kngiuu— ileal Uobnoe S 

A\nNn now considered the laws g 
.ture of tlie changes taking place in 4 
on engine cylinder, and the I 
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queetion how far this heat is really usefully employed as motirfl 
power, Upon this vital point tlie whole theory sjid practice of 
u heat engine rest. The heat supplied is used to drive oat 
a piston, but it can never all be turned into work. The 
Analyses nad calculations of the heat of guses in the jirecedioj^ 
obapCer enuble ua to determine how much heat goes into a 
cylinder, and we tnuat now try and trace what l>eoomee 
What is the proportion wasti'd and utilised? What are 
OSes of the waste of beat, and consequently of power, and 

r can this loss be avoided, in the construction and working 

of a heat engine 1 

An erroneous idea is Boiuetimes preralent that heat is a mys- 
terious attribut<i imparted to a body, which cannot be measured 
or accounted for. The heat evolvi-d iu a gna by combustion in 
a cylinder dues not dissppear in some unknown manoer. Kither 
it retnains to raise the tenijierature of the gas, or it is dissipated 
in one of three differeot wavs. A certain quantity is radiated 
into the atmosphere through the walls of the cylinder, and inb) 
the water jacket. Some is expended in power, occording to tbe 
law of the mechanical equivalent ; and a proportion, varyiiw 
according to the more or less perfect cycle of the engine, is left 
at the close of expansion, to l>e carried off into the atmosphere 
at the exiiaust stroke. 

Qoa Fowar ae Compared with Steam. — Both in theory 
and in practice the gus engine even now. although it is only of . 
late years that it has been carefully studied, turns more heat 
into work than n stpatn engine. Tliis is chiefly )>ecauBe the 
range of working temperatures is very much higher. In a boiler 
and steam engine the source of heat, the furnace, is separated 
&oia the engine, and the steam is ruised to its highest temper- 
ature before it enters the cylinder. However carefully the steam 
pipes may be covered, they carry uff some heat. The teniperatiu^ 
of the working agent cannot be so great when heat is added 
externally, before work on tlie piston is liegun, us when it is 
imparted actually Inside the cylinder, as in a giis motor. When 
the water in a boiler is converted into steam, a change of physical 
condition takes place. A certain quantity of heat becomes latent, 
or is stored up without raising the temperature of the steam, in 
order to produce the change from a liquid to a goseoua state. < 
Nor does steam wholly conform to tbe law of Oay-Luasac, be- ' 
cause it is not a perfect gas. It increases more rapidly in tire»- 
Bure than in temperature, when heat is a|>plied to it. 
temperature of 4J0°C absolute, it has a pressure of 10 i 
spheres = 150 lbs. to the square inch. From these causes tlitt I 
initial temperature of the steam is relatively low ; the range, ogt J 
difference between tlie two sources, is never very great, i " 
consequently less heat is available U> bo utilised in work. Tlw] 
efficiency of a well-jacketed modern steam engine may be tak«6^ 
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at from H to 14 per cent., depending on the speed, prpssure, &c, 
— that is, aboot one-sevcntli or one-twelfth of the heat received 
by the engine is turned into work (exclusivf of boiler). 

In gas engines the conditions are very different. CoiiibuBtion 
generally takes plaire in the cylinder itself, or in a coiitignouB 
chamber, and there is no boiler or its equivalent. The gas is 
introduced into the cylinder at a comparatively low temperaturt!. 
The heat ia produced at once by explosion and conibustion, 
and utilisetl on the piston. The theoretical temperature 
of explosion obtained by calculating the heat of combustion 
of the cbemical constituents of the gas, ia estimated at from 
2,C00' to nearly 4,000° 0. As there ia no change of physical 
state in the gfis, no absorption of latent heat takes place. To 
these two causes, viz., intirnal combustion, and permanence of 
physical state in the gas, the greater practical efBciency of a gaa 
engine is chiefly due. Ah compared with steam, it turns into 
work about twice as miich. or from 15 to 22 per cent, of the total 
heat supplied to it, according to speed, size of engine, ttc. Froni 
these figures, however, it must not always be assumed that, in 
all cases, the |H>wer at the end of the crank shaft la obtained more 
ecoDomicully, because the mechanical efficiency of the gas engine, 
or the ratio of brake to indicated horse-power, is generally 
lower than that of a steam engine. In other words, a gas 
engine often takea more power to drive itself than a steam 
engine. 

But there are limits to the heat obtained by internal com- 
bustion in a gas engine cylinder. Far tunre beat is developed 
than can be utilised, or brought safely into contact witb the 
working parts of the engine. Professor Witz says that the 
limit of working temperiiture in a heat engine throughout the 
stroke, is estimated at about 573° absolute = 300° C It is 
true that much higher temperatures are obtained in a gas 
engine ; they cannot indeed be avoided, but neither can they 
at present be properly utilised. A teniperature of 1,6110° C. or 
1,873 absolute is token by the best authorities (for it is 
impossible to determine ib directly) us an average maximum 
tempei-ature of explosion, and it is seldom tower than 1,000 C. 
or 1,273° absolute. Such heat must be instantly counteracted 
and dispersed, and this is obtoined by circulating water in the 
JHcket round the cylinder, and thus lowering the temperature 
of the gas at explosion and afterwards. If it were not for these 
practical difficulties, the 20 per cent, actual efficiency mentioned 

T -T 
above would be considerably increased. In the formula - '-_,- ", 

p. 316, Tj is the raiiximum tempemture of explosion. Practically 
about one-third to one-half this heat Tj is carried nil' by the action 
of the walls snd water jacket, and much of the remainder escapes 
with the unburnt gases. The colder walls abstract heat which 
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must be disperaeJ, but might with great adranta^e be retained. 
Their action is neceRsary, but not perhaps to its full exteot, and 
here is a great opening for future improvement. 

Balance of Heat. — A most useful method of studying heat 
and itn utilisation in any engine was first introduced by tlie late 
G. A. Hirn. He drew up what he termed a heat balance sheet, 
showing on one side all the heat given to an engine, and on the 
other how it was expended. It is now usual, following his 
method, to make such a heat balance, in calculating the results 
of an engine. The heat received is put on one side of the 
account, and that dissipated, measured, and unaccounted for 
on the other. Tn a gas engine such a heat account, as shown 
by actual experiments, is about as follows ; — 



Gas Etiaiica — Hrat Baxjlhux Accodnt. 



l>r. HHt rtHtvtd Ur tb> EbUu. 




Hat uniU (T.U.) re- 
ceived per oxplowon, 

TotJ, 


P.r Omt. 

100 


Inwork(T.U.). . 
Carried off by jacket, . 

Carried off ia exbaUHt 
gases 

Carried offby conduction 
and radiation and on- 
acconnted for, . 

Total, 


Pn-Oml. 
22-32 
32 96 

«-2fl 
1'43 


100 


lOO 



Of course, the figures vary much with different engines, but 
the above may be taken t<] represent good working c inditions. 
They are drawn from Professor Capper's trial of a 7 nominal 
H.P, Crossley engine, Appendix, p. 355. (See other Heat Balance 
Accounts on p. 242.) 

The actual heat supplied to an engine cannot be calculated, 
unless the caJoriGc value of the gas is known, and the most 
accurate method of determination is by chemical analysis. The 
gnu varies sometimes from hour to hour in the proportions of 
its chemical constituents, and its heating value dilTers in every 
town. The amount of air used to dilute the charge ia also an 
element of uncertainty in making calculations. The ordinary 
method is to measure the quantity of gas entering the cylinder 
by a meter, and to calculate the air consumption from the 
total volume, but this is an unsatisfactory plan. A certain 
amount of the products of combustion almost always remain 
in the cylinder, mixing with the fresh charge, and as the 
quantity of gas admitted does not vary, they must reduce the 
proportion of air entering with it. The quantity of air should 
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be actually' measured, and this has been done by Dr. Slaby and 

Expansioii. — The utilisation of heat in a gas engine, and its 
ti-ansformation into work, is mainly obtained dimng the two 
proceasen of expansion and conjpressiou. Thtr uses of compres- 
BLon, and the great advantages derived froni it, have already 
been explained. It reduces the original volume of the gases, 
and increases their power of expansion. But since the temper- 
ature obtained by explosion in a gas engine is high, the expan- 
sive force of the gases is correspondingly high, and is never 
completely utilised. The gases are always discharged into the 
atmosphere at a considerable pressure, which, had it been 
[lossible to pi-olong the stroke indefinitely, might be turned to 
useful account in doing work upon the piston. It is on aceount 
of this bigli expansive energy of the gases, that most mixlem 
writers insist u]Kin ignition at the dead point. The whole hest 
is added, and explosion takes place as fur us possible at constant 
volume, or before the piston has moved, and thus the whole 
volume of the cylinder is available for the expansion of the 

Engineers usually employ four kinds of Efficiencies, to repre- 
sent the utilisation of heat and power in an engine. 

I. The tirst is known as the Maximum Theoretical Efficiency 
of a perfect engine, and is defined in the preceding chaptera. 

T, - T 
It is expressed by the formula, '-= — ", and shows the working 

of a i>erfect engine between these limits of temperature (T, 
and Tfl). 

II. The second la the Actual Heat Efficiency, or the ratio of 
the heat turned into work to the total heat received by the 
engine. 

III. The third i^ the ratio between the second (actual heat 
efficiency) and the first (maximum theoretical elliciency). It 
represents the maximum pro{iortion of possible heat utilisation 
actually obtained by the engine. 

IV. The fourth is the Mechauical Efficiency. It is the ratb 
between the useful horse-jiower (or brake H.P.) available at 
the end of the crank shaft, and the total indicated horBe-|)ower. 
The difference lietween the two is the l.H.P. necessary to drive 
the engine itself. Suppose an engine indicating a total of 1 00 
H.I'., and that by a sjiecial experiment it was four ' ' "~^ 
H.l'. was required to keep the engine going at the si 
without any external work. In such a. case tbs I 
efficiency would be bO percent. Exiimplee 
difl'creut efUciencies ai-e given in Professor OapparV 
also by Miller "On Efficiencies," and by ototrd 

Ideal Diagram.^The diu^-iunis represeatiagll 
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Fig. 101. — Diagram of Perfect Cycle with 
Compression. 



in a heat engine are similar to that of Caruot's perfect cyckBf 
but vary in shape according to the type of motor, and the 
carves produced by the pressure, expansion, and cooling of 
the gases. Fig. 101 represents a perfect cycle, in which the 
gases are compressed before ignition. The line A B is the 
abscissa, and is proportionate to the cylinder volume and 
the length of stroke. The line D F is the ordinate of pressure, 
and the mean height of the area D F B D gives the niean 

pressure. Explosion takes 
place at D, the pressure 
rising instantly to F with- 
out change of volume, as 
the piston is stationary. 
From F to B the charge 
expands, and all the work 
of the engine is done. The 
pressure and temperature 
fall in consequence. BVom 
B to A the gases are dis- 
charged at atmospheric 
pressure. The piston 
draws in the charge from 
A to B and compresses 
it into the clearance space 
In this ideal diagram all the lines follow Camot's cycle. 
Compression and explosion are both adiabatic, that is to say, no 
heat is lost, but all is transformed into energy, and again 
refunded by compression of the charge. The gases also expand 
till their pressure falls to atmospheric, and their whole energy 
is supposed to be utilised. The diagram is formed of two 
adiabatic lines, compression and expansion ; a vertical explosion 
line with no increase in volume during the rise in pressure, 
and a horizontal exhaust line, with no back pressure during 
the return to the original volume. 

Actual Otto Diagram. — We will now consider what really 
takes place in an engine, and the area of work shown by an 
indicator diagram. Fig. 102 is an actual indicator diagram 
taken at a trial of an Otto engine by Messrs. Brooks it 
Steward, and similar to most modern diagrams. Here A B is 
the line of atmospheric pressure, and almost parallel with it is 
the line of admission, A 0. It will be nMiieinbpred that in the 
Otto cycle, the piston draws in the char<,'o during one entire 
forward stroke. If the lines A !> and A C he compared, the 
latter will be seen to be rather lower, showing that tliere is a 
small vacuum in the cylinder, and the charge is admitted at a 
pressure slightly below that of the atniosph* re. Froin C to D 
the charge is compressed, the pressure rises, but the line <*1^ 
below the adiabatic (compare CD in Fig. 101). Evidently^ 
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heat IB carried off and abstracted by the cdoler walls, as well aa 
stored tip hy ihe coin{ires«ion of the gas. From D to F is the 
explosion line, which also deviates irom the perfectly vertical 
line in Fi^. 101. The top of tfac diagram is rounded, showing 
that the piston had begun to move a little before explosion was 
complete ; the pressure did not at once attain its maximum, nor 
was combustion complete when the highest pressure was reached. 
The line of expansion F G differs from the true theoretical 
aUi&batic curve. Various circumstances, such as after com- 
bustion, and also the cooling action of the walls, contribute to 




alter the shape of the expansion curve in actual gas engines. 
At G & phenomenoa occurs, with which nothing in Fig. 101 
corresponds. The exhaust valve opens prematurely, while the 
gAses nre still at a high tein perature and tension, and the 
pressure fnlis suddenly, before expansion is completed ; the gnses 
escupe into the atmosphere, instead of continuing to act upon 
the piston. At H the end of the stroke is reached, and the 
gases of combustion are discharged along the return line from 
H to A. At the beginning of the return stroke tliis line in 
above the atmospheric pressure to which the gases are in theory 
reduced at the end of expansion, and there is n cct lain amount uf 
back pressure, or pressure retardiii>j the mut ■ 

This indicator diagram may be taken as u ■ in 

of the curves of pressure usually obtdiu' ■ ■:l>' 

during two revolutions. Tho chiof rc«S' i i- 

in this, as compared with a theorn !■ ■ 

1. ExplosiuD is not instautaii'- 
piston has begun to move out, 

2. Combustion is not compUi- > >. 
beginning of the stroke, and the wi,,,iv ,, 
inslantsneously, 

3. Heat is carried off by the wail- nt 
reduce the teuipf-rature within prmil ■ 
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4. EipansioD is never adiabatic, and the whole heat expeiwled 1 
or evolved from the gas is not absorbed in doing work. 

5, Expansion in not continued till the pressure uf the gaaea I 
is reduced to atmospheric, but they are discharijAd much before ( 
their full pressure has been ntilised in work on the piston. 

T, - Tn 
Although the forniula — „-- ajipliea eijually to all heat 1 

«n|;tnes, there ai-e various types of gas motors, each utilising 
differently the heat HUpplied. In practice they are classified ' 
under four heads. In eauh of these types the indicator diagram 
varies slightly in Hhape, and the actual efficiency may be < 
pressed by a ditfereot formula. The formula of efficiencv ni 
generaUy used in calculating the work obtained in theory from i 
A gas engine were originally drawn up by Professors Schbttler | 
and Witz, and Mr. Dugald Clerk, from whoseable generalisations I 
the following figures are taken : — 

Formulee for SncieooieB. — The Grst three types i>f gas 
engines are direct acting, and the heat supplied acts directly bv 
expansion of the gas upon the piston ; the fourth is uidirect 
acting, the expansion of the gases forces up Lhe piston, but no 
work is done except during its descent. The fumiula for g»Ivu1' 
ating the maximum theoretical elficiency is, as already given. 

'-™- -. in which T, represents the highest absolute tempera- 
ture attained by the gases, T^ the temperature (absolute) to 
which they fall after doing work on the piston, and 1 — -^p — * 

the percoDtagc of heat utilised. The same formula may be 
differently stjited, thus — 
_Q 



I 



•-. (T, - T,) 

or— The totiil ijuaatity of heat developed by the explosion of the 
gases (Q) divided by the weight of the charge (1 of gas pins n 
dilution of air) is equal to the highest absolute temperatare of I 
the gases, T,, less the lowest absolute temperature, Tj,, multiplied I 
by their specific heat at constant volume, e. The speoiSc he»t 1 
of the gases at constant volume is taken, because it is assumed J 
that the whole of the heat is added before the piston has moved.f 
From the tjuantities of heat the pressures can be deduced a 



ing to Boyle's law. Thus /»! = Po 



—The highest pr« 



p, developpd by the explosion of the gases iseiual to thQfl 
pressure, p,, multiplied by the ratio between the higt 
lowest absiilute temperatures. In the following furaa 
pressures are omitted, but they can be worked out by tl 
from the temperatures. 



I 
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1. Tim flTBt type ol' gas motor ia the direct-acting non- 
caDipresaion engine. Hero the gasea ave not compressed before 
ignition, but are admitted into the cylinder iit atmospheric 
pressure nnd ordinary temperature. All the Ijeat is then 
generated at once, nnd the gasea expand, driving the piston 
to the end of the stroke. The best example of this sequence 
of operations is fiimiHhed by the original Lenoir engine (see 
diagram, p. 35). In its cycle there are three imjiortant tem- 
peratures — T„ the initial temperature of the gases admitted into 
the cylinder, T, the highest temperature during explosion, and 
T, the temperature of the gases at release, after they have done 
work on the piston. In theory T^ should be equal to Tq — that 
is, the gases should be reduced to their original atmospheric teua- 
perature. In practice this is never possible, but they are always 
discharged at a higher temperature than Tg. Q represents the 
quantity of heat added from the source of heat (in heat units or 
(calories), Q, the quantity discharged to the exhaust, Q^ the 
quantity turned into work, and 7 the ratio between the specific 
heat of the gases at constant volume (c,) and at constant pressure 
<c,). Thus— 

Q = c {T, - T,l. 
The formula for actual efGciency E of this class of engine 

„ _ c ( T, - Ta>-f,(T,~To) _ /T,-To\ _ , 0. 

r,(T, -T,l "' "*\T,-T,^"' ' Q 

2. In the second tn>B of engine the gases are compressed hei- 
fore ignition, and explosion takes place at constant volume. To 
the three temperatures given above, and always to be taken into 
account in estimating the heat efficiency of any engine, the 
{compression of the gases before ignition adds a fourth, T, = 
temperature of compression. Work being done on th«- gas by 
driving the particles closer together, heat must l>e devrloped. 
This riKe in temperature is calculated by multiplying the original 
temperature, Tp, by the diB'erence in the volume of the gasea 
l)efore and after compression, raised to the power of the ratin 
'of the specific hents minus 1. The temperatures are here ob- 
tained from the volumes, according to Itoyle's law. The formula 
for oalculutiug this teiii|u'riitiiri- of compression ia — 



1.= 



•a" 



I volume after co: 
be best example 



The actual efficiency of this type is — 

3. The third type represeats an engine in which the gases are 
compreBsed before ignition, as in the second type, but instead of 
exploding, they hum at constant pressure. They eater the 
cylinder as flame, and drive the piston forward, not by the font 
of the explosion, as in the two former types, but by the expul- 
sion of the burning gases. It seems at first as though this type 
onght, in accordance with t)io theories hitlicrto laid down, to 
give a very low efficiency — that is, to utilise a very small pro- 
jKirtion of the heat supplied to it, because there in a coiwtaiit 
temperature of combustion during the forward sti-oke, instead of 
nn instantaneous temperature of explosion. Th« highest tem- 
perature attained is not very great, and there is less raotre tbaa 
in the other typea It is, however, an engine giving excdient 
results in theory, and it is difficult to understand why tbeM 
results are not realised in practice. The working defects an 
attributed chiefly to insufficient compression. The efficiency 
depends, not on the highest temperature aUntned, but uitoo tho 
amount of compression, &nd the ^r^'ater the couiprension the 
greater the heat. In this class of engine, tlierefore, the nsoal 
rule is reversed, and au eflicient cycle is obtained with a low 
tenipei-ature of ex]iloKion, T,. The best exsmple of thia tynaii 
the Simon engine (see p. 51). In the formula tl>e ratio or specific 
heat does not appear, because the burning gases are at a unifbrn 
temperature throughout the stroke, and all the operationa an 
effected at constant pressure. 

Q = 0.(T.-T,) Q.= c,.(T,-To) Q.-Q-Q^ 

4. Atmospheiio Gas Engines. — To this class belong engines 
in which the action of the gas upon the piston is indirect, and 
work is obtained, not by ex|<ansion, but by the formation o" 
vacuum under the piston. Theoretically, this ty]ie 
perfect of all, because of the high explo.sion |irts£ 
apparently unlimited expansion, but this grr^it p: 
never be utilised in practice. A piston o:' <iii<l<' 
permitting the gases to ex|>and unul tlirir pi.-^itir 
sphere, would be necessary to iitilist! fully i'.- |>.>". 
and this is imitossible under working conditi.pi.s. j 
are not previously compressi'd. lln*re is no teiupe — '^ 
pression, but another temporuture must be I'eckr 
senting the temperature of the gases after 
opened, but before tbey are compressed by ti 
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restored to their original condition. The heat quantities ore 
represented by — 

Q = ,:, (T|-To} Q. = r, (T.-TJ Q= = Q-Q^ 

Efficiency E = I - (j'^j) = ^■ 

These formulie will be best understood, if calculated and 
expressed in figures. The temperature of explosion in moat 
gas engines ia usually token at from 1000° 0. = 1273° Abs. 
to 1(JOO"0. = 1873° Abs. The initial temperature is commonly 
assumed to be from aboot 12° C. =285° Aba. to 18° C. = 291° Abs. 
The initial atmospheric prensure ia taken at 147 lbs. per square 
inch; the volume of the cylinder is reckoned in cubic feet or 
cubic metres. In an ex|ieriment made on a 4 H.P, Otto engine 
by l)T. Slaby, the absolute temperatures were computed as 

follows : — 

Initial temperatnre, To, 400° C. 

Temperature of oxplo«ion Tj, IBWC. 

Temperaturu at the ojieDiug of exhaust, . T,, 1063" C. 

Teuiperature of (.'ompreiaiou, Tg, 400' C. 

The actual efficiency calculated numerically (see formula of the 
second type) is — 

_ (HK ( l5O4°-400°) - 0-264 (1068'-400°) , ,,„, /loes'j^^OO^ 
0-193 (IfiW - 400°) " ' V'5U4 - 400°/ 



21196 -176-35 



= 0-168 = 1 - 1-375 > 



i = 17 per . 



From the alwve formulie of efficiencies it is evident that, in 
order to obtiiin a auffioient fall in temperature, it is of great 
importance to keep the initial temjiernture of the gases low. 
In theory the efficiency of the engine depends on the range of 
temperature, and the lower the initial teni|jerature, and the 
higher it can be raised by explosion the better. Much stress is 
therefore laid by all authorities upon introducing tiie gases into 
the cylinder at as low a tcnijieniture as possible. The utilisation 
of the h<-at in theory depends on the difference between the 
maximum temperature and the temperature of admission. In 
practice, however, the hotter the giises (aft-er explosion). 



renter will Ll- 
the cyliudi-r walls ; u 
becBusH tliey will |u 



in temperature between them and 
'utly the waste will also be greater, 
more hoiit to the water jacket. To 

- cyel.., idl l.,.s,-s of heat should be 

^'asc-^, and length of time 
le ciiuses to which waste of 
' e ne\t chapter. 
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EXPLOSION AND COHBUSTIOH IK A QAB KKQIKX. 



OHAPTER XIX. 
EXPLOSION AND COHBDSTION IN A GAS ENOINB. 

CoNTBSTi — Dallnition nf Terms -Rate of In9aininribility in Oaws— Bun ?on. 
MalUrd ai"l U Ctiatelier, Barlhelot an^l Vieilla, VViU. Glerk— Wall 
Aution -- E laLliliriiim oF He^tt — HtratiSc&linn - Diaio.-iaiiun — Wall 
Cooling ^Inorease of Specific Heat—CyLinder Wall Action. 

The phenomena tnktng placo and work obtamed in a heat 
engine have now been shown to depeml on the devi-Iipment 
and utilisation of heat. Since heat in the cylind'T is obtained 
by the ignition, explosion, and combustion of a certain quantity 
of ftir and gM. the churacter of these phenomena, the strength of 
the explosion, and speed of propagation of the he.tt through the 
gas, are of the ut!uo:it importance. For rnnny year.i they have 
engaged the attention of Hcientific men. By careful study and 
observation, a sufficient number of exact ox |)eri mental fncts have 
been accumulated to determine with precision the action of gas 
in an engine cylinder. 

Daflnition of Terms. — Before proceeding to consider these 
phenomena, it will be well to define the different expresnions 
generally uied. Four terms are employed to denote the cfTecta 
produced by heat in the cylinder of a gas engine — 1, Ignition ; 
2, explosion; 3. inAaniniation ; 4, combustion. Ignition tskea 
place when sufficient heat is communicated by a flame, electric 
spark, or hot tube to the gaseous mixture to fire it. Inflamma- 
tion is the subsequent spreading of the flame throughout the 
gas, or its propagation from one particle to another, till the 
whole volume is alight. Explosion follows when the mixture 
is completely infl:imed, and the maximum pressure attained. 
When all the gas in a cylinder is thoroughly alight, the |>articles 
are driven widely apart, and thus the moment of complete in- 
Sammation will also be that of maximum pressure. Complete 
inflammation and explosion are thus practically simultaneous. 
Oombustion is complete when all the chemical changes have 
taken plaice, and the <,'aseE have been rcconstibutnd a^ water 
vapour (HjO) and carbonic acid gas (COj), This moment may 
not coincide in point of time with explosion. The chemical 
recombination of the gaser.^and consequently the evolution of 

IrII the heat coa^qgilj^i^ aI t always delayed in a gas engine 
i '"^ of iL second, after the 

' H )>iston ha 



is at the 
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momeDt, when explosion occurs that the maxiimim pressure ia 
reached, and probably also the maximum iem]>erature.* The 
importance of this tein{}erature hns 1ieen [iroved theoretical If in 
the preceding chapter, and maay experiments have been made to 
determine it, because it marks the rate of inflaminatinn, or of 
propagation of the flame. The celebrated chemist, Bunsen, 
was the first to calculate the rate of flame propagation — or of 
inflamm ability — in a gas. He confined the mixture in a vessel 
having a very small orifice, and the gas was ignited as it passed 
ont. The mouth of the orifice was reiluced till the pressure of 
the issuing flame was exactly equal to that of the gas inside, 
and as soon as tJie balance of pressure was established, the 
flame spread back till it had ignited the gas in the vessel. The 
method of ignition used in the Eoerting engine is somewhat 
similar. The rate at which the gas issued from the vessel being 
known, the speed of the flame, as propagated back through the 
mixture, was calculated from it, By these means Bunsen 
determined the velocity of propagation, or the inflammability 
of a gaseous flame. With a mixture of 2 volumes hydrogen. 
and 1 volume oxygen, he found it to be 34 metres = 1 11-5 feet 
per seconiJ ; with carbonic oxide it was 1 metre = 3-28 feet per 
second. 

ICallard and Le Ch&telier. — Later researches have shown 
that these figures are not accurate. The instrument then used 
could not be wholly relied ou, because the e\terniil air cooled 
the flame as it issued from the orifice, and afl'ected the results, 
A series of elaborate experiments have been conducted by MM. 
Mallard and Lu Cliatelier with a long tube filled with an explo- 
sive mixture, closed at one end, and comrauniealing through the 
other with the open air. The period of exploi^ion, or the time 
occupied by the flame in travelling through the tube, whs marked 
by revolving drums and tuning lorks, the latti'r being the best 
instruments for measuring, by their vibrations, frwctions of 
a second. The drums revolved on the same shaft, close to 
either end of the tube, and a wavy line was traced upon them 
by the vibrations of the tuning forks, set in motion by the explo- 
sion. As soon as the gas at one erd of the tube was ignited, it 
moved a small pencil, and mai'ked the drum revolving at that 
end. A second pencil made a similar mark on the drum at the 
other end, when the flame hod passed through the length of tha 
tube. The distance between the two marks, measured on the 
vibrating line traced by the tuning forks, gave the time of pro- 
pagation of the flame. With the same mixture of hydrogen and 
oxygen as that used by Bunsen, Mallard and Le Chatelier found 
the velocity to be 20 metres = 65-6 feet per second, and with 
* Dr. Slaby aajn that " conibiiBtiou is completely etxietl after a fraotional 
portion of tha Btroke, from 003 la 0*0G of a (eooliil." — L'a)orimttritch4 
Vnieriiuchutistn, p. IQl. 
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carbonic oxido 2-2 metres = 7'2 feet per second, or a speed 
double tUat given by Bunsen. 

Tbese pure explosive mixtures are too strong to be used in » 
gua engine, as air is necessary to dilute the gas, and the mixture 
becomea imiiiediately weakened with a large proportion of non- 
explosive nitrogen. MM. Mallard and Le Chatelier, therefore, 
varied the Htrength of the mixture. With I vol. hydrogen mix- 
ture (i.e., 2 vols, hydrogen to 1 of oxygen) and 1 vol. oxygen, 
the rate of flame pru[iagiition was 10 metres ^ 328 feet per 
second. The highest velocity wad found to be the mixture of 1 
vol. hydrogen to 1 vol. oxygen, originally useil by fiunsen, but 
to obtain a standard for the dilution commonly employed in a 
gas engine, the experimenters combined hydrogen with air in 
the proportion of 2 vok. hydrogen to 5 of air. The following 
table (from Clerk) shows the velocity of flame with hydrogen 
and various volumes of air :^ 



Table or Vblocitt in Dilittbd Mixnmcs {.MaUnnl and Le Chatelier). 





fttiaeoni. 


.Ttt 


Miitiin of 1 vol. hydrogm ud * rob. air 

„ i ,. 


SimtrM. 
2-8 ., 
3-4 „ 
4"1 » 
4-4 ..max. 
3-8 „ 

a-.") .. 


e-5fMt 

9-1 „ 

111 „ 

UA „ 
14-4 .,mm. 

12-4 „ 
7-S .. 



\ 



In these experiments the explosive mixtures wen 
pressure; the end of the tube being open, the ignited gases 
issued from it in a continuouB stream, and did external work 
against the pressure of the atmosphere. When both ends of the 
tube were closed, and the mixture vas ignited at constant 
vdlume. the velocity with which the flame was propagated was 
very much greater. A speed of 1.000 metres = 3,280 feet per 
second, instead of 20 metres, was verified with hydrogen explo- 
sive mixture (2 voU. H and 1 vol. O). When the hydrogen 
was diluted with air, the s|>eeil was 300 metres = 9.S4 feet per 
seconil. This grt-at difference in the rate of flame propaga 
tiun is alti-ibiit«d by M&I. Mallard and he Cliatelier to in- 
flaramation tftkiag piaee, not only by the projection of the 
tiame from one |taaMa to uu>t)ter. but by the expansion of 
the [lartioloa t^QMM^^ItfMHjIIABnkted. As tlify ignite, they 
in tMROMH^^^^^^^HbUnd th« propagition of the 
Uame is tbfl^^^^^^^^^^^^^^MUb of the tube is 
and Hi* g^^^^^^^^^^^^^^^^^g^ the Kluiosphere, the 
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igoited portioDH of the gaa ar 
not yet kiLdUd These eiper 
velocity of flauii: jiiopagalion 
constant, aiid therefore the vt 



s forcibly projected into ibe {larts 
Lnieats prove the grtatly increufied 
when the voluine of the ^aaee is 
blue of ignition at the dead point 
in a g&s engine. The mojEimum explosive pressure is higher 
and more rapidly obtained, when the piston is stntiouary. 

Berthelot and Tieilla. — A series of valuable experiments 
were alsocnrrieil out by MM. Berthelot and Vieille, to determine 
the rate of flume propagation (or of complete coinbiistion, since 
in this CHse the two berma are synonymous) of ^asea at constant 
volume in a closed vessel. The time of explosion nasiletemiined 
in receivers of three different capacities- — namely, 300, 1500, and 
4,000 cubic centimetres. Two of the vessels were cylindrical and 
the third spherical, and each was fitted with a registering piston. 
At either end they terminated in a short tube; at the further 
end of one an electric spark was produced for firing the mixture, 
the other contained the piston. The lengths of the igniting 
tube, the cyliiider, and the tube containing the piston being 
known, the time occupied by the flame in ])ussing through the 
gas, from the point of ignition till the explosion reached and 
forced up the piston, could be calculated. The experiments were 
made with a VHnety of chemical compounds, such as bioxide of 
nitrogen, cyanogen, and compounds of hydrogen, oxyfien, carbon, 
and nitrogen. The larger the capacity of the vessel or receiver, 
the longer time was found to elapse, with every mixture, between 
the ignition of the gait, and the attainnient of maximum pressure. 
This agrees with Uay Lussac's law, since the smaller the vessel 
and the volume of the goa, the greater wjII be the increase in 
pressure produced by the high temperature of ignition. The 
efiecl of the composition of the mixture, and ol the more or 
leas perfect combustion obtained by adding oxygen in exact 
proportion or in excess, were also noted. 

But one of the most important practical results of these ex- 
periments, with regard to the phenomena in a ga.s engine, was 
obtained with the products of combustion. By using a mixture 
of the chemical elements contained in these products, and oV 
serving the time occupied by the projection of the flame, MM. 
Berthelot and Vieille proved that the rate of flame propagation 
in such compounds was slower than with pure miitturea. repre- 
senting the I'reah charge of gas and air in a cylinder. Dilution 
with the products of exhaust, therefore, whether advantageous or 
not, must retard the rate of combustion, because these products 
contain an excess of some of the gases. With gases not ]>erfectly 
combined, and where combustion is incomplete, the rate of flame 
propagation was found to be most rapid, perhaps because 
partial dissociHtion takes place and retards total combustion. 
MM. Btrthelot and Vieille are of opinion that, by the igni- 
tion of the gas and the high temperature produced in the closed 
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vessel, what they term an "explosive wave" ia formed, the 
velocity of which is greatly in excess of the ordinary velocity 
of flame propagation. They call it the rate of detonation. The 
explosive wave ia generated by the shock of igniting a large 
portion of the inflammalile gas at once ; the flame is j)ropiigated 
with a velocity due to the shock, almost as great as the velocity 
of combustion. For hydrogen the velocity of this explosive 
wave is 2,810 metres = 9,216 feet por second ; for carbonic 
oxide it is 1,689 metres = 5,539 feet per second. 

Regarding the time of attainment of maxiniuni pressure during 
explosion at constant volume, they say : — " The variations in this 
time are very important. The maximum pressure observed in 
a vessel of any given capacity is always less than the pressure 
which would be developed, if the system retained all the heat 
due to chemical reaction, for there is always a certain loss from 
contiict with the walla and radiation. The smaller the quaatity 
of gna in proportion to the vessel containing it, and the mora 
slowly combustion takes place, the greater is this difl'erence. The 
time occupied by combustion varies much ; it corresponda to the 
different conditions developed at the beginning of the phenomena, 
and is intermediate between the velocity of the explosive wave, 
and the ordinary velocity of flame propagation of any given gaa." 

Wits, — Valuable as these theoretical determinations are in 
studying the theory of combustion, practical experiments are 
needed to calculate the actual result of generating heat in a goa, 
by combustion in an engine cylinder. With this object. Pro- 
fessor Witz undertook a number of valuable experimeuta to 
illustrate the action of ordinary lighting gus, when mixed with 
varioua propoi-tioDS of air, and ignited. He also desired to show 
the influence of nitrogen in affecting injuriously the true rat« of 
flame propagation. In MM. Berthelotund Vieille's experiments, 
the gas was always at constant volume, and no expansion was 
possible. M. Wit£ used an ordinary cylinder and piston, and 
the charge was allowed to expand freely. The lirst tests were 
made, not with lighting gas, which varied too much in composi- 
tion to give accurate results, but with a mixture of carbonic 
oxide and air; the calori6c value at given temperatures of each 
chemical element was previously determijied. A bnsis being 
thus obtained for exact computation, lighting gas was used for 
the rest of the trials, ond the diflerences in chemical composition 
neglected. Professor Witz attuched a tuning fork to the indi- 
cator diagram, in order to measure, not only the pressure 
IvTeloped by the explosion, but 'he fractions of a second before 
" t maximum pressure was attained. Taking the ratio of this 
"' e length of stroke of the piston, he reckoned the speed 
1 thus — 
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Calculftting the work Jone from the aren of the diagrams, and 
its ratio to the theoretical work obtained from the number of 
cftloriea in a given volume of gas and air, Professor Witz found 
that the percwitjige of work actually done increased in proportion 
to the speed of expansion. Some of the results of his able 
experiments made with lighting gits mixed with varying propor- 
tions of air, are summed up in the following table : — 




[1 Litre = 61-02S cab. iiu.] 



Mixture of I Volcmb Gab to O'.la Voldnes Am. 

[Vol. of mUture, 2*081 litrei.J 



015 


269 


1-7 


633 










2-9 


033 






0-06 


259 
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In both these series of experiments the volume of the charge 
was the sara«— namely, 2-0«l litres = 0-73 cubic foot. The 
richness of the mixture, the length of stroke, and the dura- 
laon of the explosion varied. Fiji. 103 shows a. diagram of the 
expansion, with the vibrations below of the tuning fork used 
as a measure of time. Ea«h vibration con-esponds to j^ of a 
second. The diagram gives the pressures and volumes, the 
lower waves mark the time occupied in expansion. The atmo- 
spheric line, Ha:, shows that expansion was continued to below 
atmospheric presatire. From these and many similar experi- 
ments, Professor Witz has formulated the two following laws 
'he expansion of gases ; — 
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I. The utilisation of the heat ait|ipliod to the engine 
with the speed of expansion. 

I I. The greater the speed of exjianaion, the more rapid will be 
the combustion of the explosive mixtures. 

This speed of expiiusiou, which the alwve table aliuwB to haveBo 
important an etl'ect on the proporlioti of actual to theoretical work. 
Professor Witz conaident 
to be onl^ the expressiou 
under another form of 
the great influence of the 
walls, and their cooling 
action u|ion the hot gases. 
"The maximum explo- 
sive pressure," he says, 
" depends on the ratio of 
the cooling surface ofthe 
receiver (or cylinder) to 
the volunie of the gas." 
In his opinion, nearly all 
the diflerencea l>etween 
the action of the gases, in 
which have 
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Fig. 103.— Witz'Time Diftgnm. 



theory and in practice, in the cylinder 
' 'therto been so difficult to account 
for, may be attributed to the etTect of the walls. 

Clerk. — Mr. Dugald Cierk was led by his experiments t« 
almost the same conclusions as Professor Witz, though fae 
approached the subject from another point of view. He con- 
sidered that, to understand the action of gaa in a cylinder, it was 
aecessary to determine not only its rate of explosion, that ia, the 
time required to attain maximum pressure, hut also the duration 
of thia pressure. It is the force of the explosion which ]>roduceB 
elective pressure on a piston. It seems therefore as if, the 
stronger the mixture employed within working limits, the more 
usefitl will be the effect, but experiments Lave shown this view 
U.< be erroneous. The greater amimnt of work is obtained, not 
from the most explosive mixture, but fioni that giving the 
maximum pressure in proj«>rtion to the surfaces, and maintain- 
ing that piesnnre during the lonjiest period of the stroke. Since 
rsdiution cannot be prevented, the higher the explosive pressure 
and temperature generated, the mom rapidly will the heat be 
carried nil' I'v tin. wall.-; nf tl 
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0*033 second. The pressure of the explosive gases forced up tlie 
indicator |iencil, causing it to trace different curves ou tiie moTiDg 
drum. By dividing the area of the dnim iuto sections, the time 
occupied by the explosion, and cooling or reduction of pressure 
of the gr^es, could be estimated within ^an "'* ^ st^cond. On 
this diagram the ordinatea represented pressures, as usual, 
and the absciiisie the time of explosion in fractions of a second- 
The eonJitions under which gases explode in the cylinder of on 
engine were reproduced in ell hut two respects. Undpr ordinary 
circumstances the piston in a gas engine uncovers during the 
stroke fresh portions of the cooler walla to the hot gases, and the 
explosive pressure is rapidly lowered. Here the maximum 
explosive preasnre was developed in a closed vessel, and, there- 
fore, at constant volume ; and the cylinder having no piston, no 
heat was expended in doing work. The conditions wei'e similar 
to those of un engine beTore the piston has moved. 

Mr. Clerk gives several diagrams showing that the pressures 
of the gaaes fell much more slowly than they rose. The 
maximum pressure whs produced in 0*026 second after i^ttion; 
the fall to atino»pheric pressure and temperftture occupied I'S 
second, or nearly sixty times as long. Without previous com- 
pression of the gases, the highest pressure obtainable with a 
dilution of I pai-t gas t« 5 piirts air (that is, the mixture con- 
taining just enough oxygen to produce combustion of the gas) 
was only SA lbs. per square inch. With compression and a much 
weaker iv,ixture, this pressure was nearly doubled. Mr. Clerk 
proved that the "critical mixture," or the weakest dilution of 
gas and uir that will ignite, varied according to the quality of 
the gas used. With Oldham gas a charge of 1 part gas to 15 of 
air ignited, and the pressure produced was 40 lbs. per square inch 
above atmosphere. With (ilasgow gas the critical naixture was 
14 of air to 1 of gas, and the pressure produced was 52 ll>s. per 
square inch. 

To determiue the best and most serviceable mixture for use in 
a. non-compressing gas engine, the following calculatiutis were 
made. Mr. Clerk supposed 1 cubic inch of gas to be diluted 
with air in the ratio of 13, 11, 9, 7, and 5 cubic inches, and these 
mixtures to he admiited into cylinders having pistons, the areas 
of which per square inch were in proportion to the strength of 
the dilution. Thus the charge of 14 cubic inches — viz., ] volume 
gas to 13 volumes air — would be admitted iuto the cylinder 
having a piston surface of 14 square inches. The mixture of 
6 cubic indies would be contained in the cylinder having a 
square piston area of 6 inches, and the depth of the mixture i^ 
the cylinder would always be 1 inch. The maximum preMC 
of these mixtures he had already determined, as well as ti 
time of explosion, by the instrument mentioned as sh( 
following table : — 
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By these and other eiireriments Mr. Clerk found that the 
highf^st pressures, giving resfiectivcly 75l> lbs. and 728 lbs. upon 
the total pistOD ares, were obtained with a dilution of 1 1 and 13 
volumes of air to 1 of gas. The stronger mixtures gave lower pres- 
sures, becaus>-, being contained in smaller cylinders, the pressure, 
to a uniform depth of 1 inch, was exerted over a smaller |iiston 
surface. The rat« of cooling, or of fall in pressurp, was calcu- 
lated in the fame way. Taking one-fiftli of a necond as the 
mean time occupied by the piston in making its forward stroke, 
the pressure of each gas vhen that time had elap»ed, after the 
attainment of maximum pressure, -was computed from the indi- 
cator diagram. Multiplying this pressure by the piston area, it 
was found that the weakest mixtures gave the hi;:hest relative 
pressure at this jmint in the strokt^, showing that these weak 
mixtures maintained their pressure longest. The fulluwing table 
exhibits the lesults for live dillerent dilutions: — 
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Tbe best mixture, 1 volume hjdrogeii to 3 volumes air, gave a 
nie&n pressure of only 267 lbs. upon a pistimof |iroportionate area, 
one-fifih of a second after explosion. For further details of tliese 
interesting experiments, the student is referred to Mr. Clerk's 
excellent book The Gag Bngi/ie, pp. 95 lu 104. 

Wall Aotion in Gas Engine cjliiidera. — All these reBesrchisB 
tend to show that thu causes of loss of heat, and consequent 
waste of heat energy, depend largely upon the total internal area 
of the cylinder exposed to the gaseous mixture. The less this 
area for a given cylinder volume, the higher will be the jiressure. 
Therefore, the more the action of the walls can be diminished 
during the developiuent of the heat, the more certain and rapid 
will be the explosion, and the greater the pressure of tlie gas. 
This result can be obtainecl in three wnya, by reduciug— 

1. The time during which the wall action continues. 

S. Its intensity. 

3. The proportion of area of the walls to the volume of the 

1. Opinions vary greatly an to the advantage of high piston 
speeds in gas engines, but the teudency of modern engineers is, 
in the main, to increase speed within reasonable limits. Beyond 
iibout 300 revolutions per minute, M. Richard considers that 
the friction and heat developed are too great to work an engine 
continuously, and if much heat is generated by explosion, a 
correspondingly large amount is discharged at exhaust. Within 
certain limits, however, high speeds are advantageous, because 
the colder walls have less time to act upon the hotter gases, 
and carry off their heat The same arguments show the value 
of ignition at the dead point. The piston having reached the 
end of its return stroke, and exhausted some of its energy of 
motion, does not move at the requii-ed velocity until driven uul 
again. Explosion being practically completed liefore the volume 
of the cylinder is enlarged by the out stroke of the piston, the 
cooler walls have not much time to diminish tbe high temperature 
of the gases produced by explosion, and reduce the pressure 
before it can a<:t on the piston. The ra]nd expansion so much 
insisted on by Professor Witz has the same effect, in diminishing 
the wall action. The more rapidly the walls are uncovered, the 
less time is allowed them to act on the gases, and carry off the 
heat. At the same time rapid and complete expansion does not 
always mean a proportionate utilisation of the heat supplied to the 
engine. M. Hichard shows by the figures given in the Society 
of Arts' Trials that in the Atkinson engine, where expansion b 
greater in proportion to admission and compi-ession, the heat 
carried off by the walls, that is, during the expansion stroke, is 
relatively small, hut more is discharged into the exhaust than in 
engines having a less expansion. If the two items of heat 
expenditure be added together (see table, p. 243), they will he 



found almost the snoie as in the Otto engine tested at the same 
time. 

2. To diminish this great action of the waits, and to equalise 
their teuperaiiite and that of the gases, it is necessary to raise 
the tem|.iTature of the one. or tower that of the other. To raise 
the temperature of the walls is impossible, without injury to the 
engine, fiut hy diluting the charge of gas with air to the limit 
of inflammability, and by utilising the inert ga.ses, the he&t of 
explosion may be diminished, without affecting the efficiency of 
the engine. This diminution of tho maximum temperature is 
the reason of the compamtively high efficiency obtained in 
practice, with engines having combustion nt constant pressnre. 
As there is no very sudden rise in temperature, less heat is carried 
off by the walls, and more remains to do work on tjje piston. 

3. The third is perhaps the greatest source of waste of heat in 
the engine cylinder. The most etiectual method of diminishing 
the wall action is by previous compression of the charge. In 
M. Richard's opinion it is only by this means that the losses of 
heat can l>e sensibly reduced, because compression diminishes 
the volume of the gases exposed to the cooling influences of the 
wails. Other conditions being equal, the larger the cylinder, the 
smaller will be the loss to the walls, because the smaller their 
area relative to the volume of the gases. As a result, less heat 
will be lost per cubic foot of gas to the walls and water jacket. 

IiOsa of Heat. — But however carefully an engine may be 
designed, to keep the temperature and pressure of the charge 
within praclical limits, all authorities are agreed that the greater 
[lart of the heat in a gas motor is lost by radiation and conduc- 
tion, or discharged at exhaust. These are the two great sources 
of waste. If the heat accounts of the four engines given at 
p. 242 be compared, it will be seen that the Jacket water aad the 
exhaust carried off between them from 65 to 75 ]ier cent, of 
the total heat developed. In tho opinion of so comjietent an 
authority as M. Richard this waste cannot, in our present state 
of knowledge, be avoided. The heat economised from the one is 
UHually wasted to the other. If the losses from the walls be 
diminished, the heat of the exhaust gases is incressed. Nor ia 
it possible at present to prevent the loss to the jacket to any 
grest extent. 

Notwithstanding every effort to determine the right mixtore 
of gas and air, and to obtain complete combustion, as far as 
possible, the actual pressure in a gas engine is seldom more than 
ubout half the calculated. As pressure is always in strict pro- 
portion to heat, this deficiency, shown by the indicator diagnuns. 
proves that much of the heat contained in the chemical consti' 
tu-'nts of the gas, and which ought to be liberated by their 00« 
bination with oxygen during combustion, is either carried o 
not evolved. If all the heat were developed at the momt 
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explosion, and exp-inded in doing work on the piston, the curve 
representing th'3 expanaion of the gases would be ndiabatic The 
line of eJ(|iiPision would follow the theoretical line of Oarnot's 
cycle, and efhibit heat neither added aor abatriuted, but solely 
employed in doing work. That this does not take place in prac- 
tice can be sien, by comparing theoretical with actual diagrams. 
The difference between them is considerable. The line indicating 
the decrense in temperatures consequent on expansion is much 
higher in the theoi'etical than in the actual diagrams. 

Tartationa in Expansion Giirvo.— Tbe Obto diagram at p. 
237 shows a peciiliarity in the pressures ol>taiaed in the cylinder 
of later compreuion engines, which has not hitherto been satis- 
factorily explained. The fall of the expansion curve in the 
theoretical m, as we have said, more rapid than in an actii»l 
diagram. This theoretical curve represents exactly the fall in 
pressure, and therefore in temperature, which would be obtained, 
if the gaiei expended their heat entirely in doing work. If the 
curve of the aetiiJil diai^ram is flatter, and does not fall so rapidly, 
this diSerenne shows that the pressure does not in practice sink 
so quickly, and heat is not parted with as speedily as in theory. 
The law of the mechanical equivalent proves that the amount of 
heat expended in doin^ work does not vary, but is always the 
same, in pntctice as in theory. If, therefore, the pressure and 
temperature do nnt fall so rapidly in an actual engine, heat is 
added iu somj way. This addition of heat is obtained either 
from wilhin or from without. Most authorities maintain that 
it is evolved from the mixture itself, because the walls of the 
cylinder, cooled by the water jacket, must always be at a lower 
temperature than the gises they enclose, and cannot convey heat 
to them. In considering the difference between inflammation 
and combustion, it has been shown that the moment of maximum. 
explosion or pressure does not always agree with that of complete 
combnsCiim. Tiie two operations are not simultaneous. The 
gases may reach tliuir maximum pressure, and the particles be 
driven widnly apart by the S.imo spreading through them, before 
their perfect combination with the oxygen of the air, and recon- 
stitution as Clh {carbonic acid) and H,,0 (water vapour). This 
ia the phenomenon which is now acknowledged by most scientific 
men to take place in the cylinder of a gas engine, and to cause the 
addition of heat shown in the slow fall of the expansion curve. 
The gases continue to re-combine and evolve heat after the period 
of maximum inflammation and pressure, and while the piston has 
already begun to move out by the force of the explosion. This 
chemical action is faithfully reproduced in the indicator diagram. 

Equilibrium of Heat.— It is generally admitted that, in the 
cylinders of almost nil direct-acting engines, with explosion at 
ciinstant vo1uiiif>, this " equilibrium of heat," as it has been called, 
takes place. Heat is suppressed at the maximum temperature 
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of flJtplosion, to he evolved afturwarda, during the expaasion 
Btroke. In many gas engines the expansion curve falls rather 
more rapidly than in the Otto diagram at p. 2:37. Even then, 
however, so much heat is carried off by the walla, that there 
could be no approsimation to adiabatic expansion, unless heat 
were in some way added, to counteract the wall cooling effect. 
The phenomenon is described in German by the exprt-ssive term 
"nocbbrenuen." In English it is called "slow combustion," 
but it would be more correct to term it ''after combustion." 
Tho fact is now well established, but the cuusps of this "after 
combustion" of th<; gases ore sttll uncertain, and the fallowing 
theories have been advanced to account for it. 

Stratifloation. — The first was put forward by Otto, because 
it was in the diagrams of his engines that the effect of this 
" after uombustiou " upon the expansion curve was first studied. 
He claimed it i» u direct result of the stratili cation of the 
charge, one of the improvements s|iecitled in his juitent of 1876. 
Instead of admitting the gas and air together through valves, as 
in later engines, the admission ports of the Otto were so arranged, 
that the air entered first. The gas valve then slowly opened, 
and the air was diluted with gas, the mixture increasing in 
percentage of gas as it continued to enter the cylinder until, the 
air port closing, nothing but gas was finally admitted. The pro- 
diii-ts of conibustion were not expelled from the cylinder, but 
reniuined and combined with the air in front of the fresh charge 
to form a sort of cushion between the richer mixture and the 
piston, and to deulen the shock of the explosion. Thus between 
the piston and the ignition port there were— I, Products of 
combustion. 2, Pure air. 3, Air diluted with gas. 4, Gas 
only. According to Otto, combustion is very rapid at first 
through the explosive charge nenrest the Bdmission port. It 
spreads more slowly through the poorer mixture, because of its 
greater dilution with air, and with the products of the former 
charge (which MM. Berthelot and Vieille's experiments have 
proved to retard combustion), and hence the whole beat is not 
developed at once. Not onlv did Otto rrcognisc tlie existence 
of the phenomenon of "after conibustion," but he endeiivoured 
to utilise it. In his opinion, this chemical burning process was 
uniler control, and might be produced kt will, and turned to 
advantage by stratificatioit q^H^dflM^^^^^^ 

ilipory was Bup|M>|dM^^^^^^^^^^^^Mtt ftn engine 
at the Otto Duutur C 
longation was added ' 
admission end, and t' 
tlie momentary open) 
inner dead point. ~' 
through the glass, 
impinging a 
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«ock, Kod onl]' the back part of the cylinder was filW with it, 
eren after ibe crank had made several revolatiooa. Some how- 
ever were not convinced by this experiment that the admisaion 
of the mixture into the cylinder could be resnUled at will, >nd 
other trials were made on »4 H.F. engine by Prafessors Schottler, 
Teichmann, and Lewicki, to determine whether at rat iti cation of 
the charge actnally exist«d or not. In these, admission was 
effected as usual tfarongh an ordinary slide valve. Ignitioa 
took place at the back of the cylinder, but there was also a 
special arrangi^tiient, by means of which the charge coold be 
ignited at the side only, behind the piston, and in front of the 
compression s]>acp. As long as the ordinary ignition at the 
forther end Wiis iined, indicator digrams were obtained, similar 
to the one at p. 237. But when the mixture was ignited at the 
side, the brake horse-power, representing the work actually done 
by the engine, sank to half the normal power, and the diagrams 
showed a ^reat diminution in the pressure, and retardation in 
the time of maximum explosion. The ignitions obtained were 
uncertain, often failed entirely, and were always too late. 
Analyses of the gases, taken from ditTerent parts of the cylinder, 
were also made by Professors Dewar and Teichmann. and it 
was found, as might hare been expected, thitt thrir chemical 
cora]iOBition in the lighting port, at the end furthest from the 
piston, was much richer than in front of the compression space. 
With a strung mixture, Teichmann found that the charge con- 
tained IG'^ per cent, of rich gas in the igniting {lort, 13-3 per 
cent, in the centre of the compression space, and 9-1 per cent, 
close to the piston. 

The theory that strati li cation of the charge, which these ex- 
periments were undertaken to prove, caused the effects of aftor 
combustion has now been abandoned. Professor Scliottler and 
other scientific observers have pointed out that smoke cannot be 
considered as fairly representing the gaseous charge in the 
cylinder of an engine. Nor does it always remain at the back 
of the cylinder ; in experiments undertaken by him on a 
Koerting engine, the whole cylinder was filled with a cloud of 
smoke. That ignition at the side proves strati Beat ion of the 
charge has also been disputed. It shows that the mixture ia 
richer in some parts than in others, which might naturally be 
inferred under any conditions, but not thiit the gns remains in 
layers after intrixluction, although stioh a liispo^ilion is im- 
parted to it at first. In experiments made on a Benz engine, 
under the same working conditions as the Otto, this partial 
Btratificati'in was not found to exist, and the charge was ignited 
with equal certainty at various parts of the cylinder. The 
latest authorities on the subject maintain that stratification 
cannot be preserved, even if the guses enter the cylinder in 
cuocessive layers of richness, because of the cumpresaire and 
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mixing power exorted by the back stroke of the piston. It is 
impossible, they say, to conceive that tlie charge can adhere to 
the original order of its admissioti, when the rapidity with 
which the piston compresses it is considered, and even if strati- 
tication were proved, it is not sutbcient to explain "after 
combustion. " 

M. Richard is, however, of opinion that there is an evident 
giiin ill efficiency if the products of combustion remain in the 
cylinder, although the actual sC ratification is not preserved. In 
the lirst place, to retain the burnt gases does not weaken the 
succeeding explosion if care be taken, ua in the Otto engine, that 
the richest part of the mixture lies round the ignition port. 
Without any attempt at regular at rati ti cation, the products of 
combustion will naturally be disposed round the piston, and act 
as a cushion to deaden the shock of exjilosion. Again, these 
inert gases are at a high temperature, ftml if they be left in the 
cylinder, instead of being carried off to the exhaust, more heat 
remains to increase the pressure and expansion, and less is dis- 
charged. 

Dissociation. — The next theory to account for the phenomenon 
of "after combustion" has been advanced by Mr. Diigald Clerk. 
He attributes it to the chemical action known as " dissociation." 
At certain high temperatures chemical couipounds decompose, 
or separate into their constituent elements, and do not recombine 
until the temperature has fallen. Thus heat, which is one of the 
great forces in combining chemical elements, is also a powerful 
agency in aplitting up compounds. The exialence of this pheno- 
menon has been repeatedly verified. Without it, it would be 
])ossible, during the combustion of gases, to reach much higher 
temperatures than have ever been attained in practice. If, for 
instance, steam be raised to a very high temperature, it ceases 
to be steam, and decomposes into ita elements of oxygen and 
hydrogen. The higher the temperature, the more complete the 
dissociation, until a point is reached, above which all gases exist 
only as primary elements. The temperatures of compound gases, 
therefore, are probably limited, though the extent of this limita- 
tion has not yet been determined. Without dissociation it 
should be possible in theory to raise the temperature of hydro- 
gen burning in oxygen to 9000° C, but no experiments have, to 
the author's knoivk-ili;", been inade, in which a temperature of 
3800" C. has been i " " " m that, at the tem- 
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teapeimtare on vliidi tlie tkeorj is based is incorrect. Mr. 
Clerk, following DeriUe, is of ofunion that diiisoriarion cohh 
■Mf fc ces mt a temperature of from LOOO' C. to l.fOO' C. Since the 
results of his rescardies were published, it has been proTed hj 
the experiments <^ Mallard and Le CliAtelier and others, that 
dissociation takes place at much higher temperatures than thoee 
in a gas en^jne cylinder. For carbooic acid it is perceptible at 
1,800' C. and is less than 5 per cent, at 2jjOO'^ bat with steam, dis- 
sociation only appears at a temperature above ^5«»' C. and at 
3,300* C. it is still verr sliirht. The highest temperatare in a gas 
engine is probablT nerer above 1,870' C. Ale. It is impossible, 
therefore, to account for the phenomenon of ^ after combustion ' 
bj the theory of dissociation. 

CoQlixig Action of Walls. — Professor Witz has advanced 
another theory to explain it, and supports his view with the 
weight <^ his scientific reputation and expi^rience. He attributes 
the variation of temperature shown in the slow €tll of the 
expansion curve, and the sup pr ession and retarded evolution of 
heat, entirelv to the coolinor action of the cvlinder walls. To this 
he refers all the phenomena hitherto obscure in the cylinder of 
a gas engine. He is of opinion that this cooling effect has been 
n^Jected hitherto, and that, next to the charge itself, the walls 
play the most important part in the cycle of an engine. By 
carrying off the heat generated at the moment of explosion, 
they instantly diminish the temperatnre. Although continu- 
ally cooled by the jacket, they act as reservoirs, and actually 
i c rtor e to the gas, during the latter part of the stroke, some of 
the heat they had previously absorbed.'*' In the earlier gas 
engines, without compression or ignition at the dead point, and 
with a much smaller range of temperature, the effect of the 
walls, though ignored, was very great. In modem engines this 
effect is greatly restricted, with the result, accordins: to Witz, 
that the walls are able to refund heat to the sras during the 
expansion stroke 

Professor Schottler agrees with Witz as to the marked effect 
produced by the walls. He is of opinion that the phenomenon 
<^ *^ nachbrennen '^ may be in part attributed to heat actually 
restored by the walls, and specially by the piston, to the hot 
gases. He suggests that the heat evolved by the combination 
<^ the chemical elements is transmitted, at the moment of its 
derelopment, through the walls to the water, and that there is 
a fraction of a second daring combustion when the temperature 
of the walls is actually higher than that of the gases they enclose. 
The effect would be the continued development of heat along 
the expansion line, after the attainment of maximum pressure. 



*The opinions of Protenor Witz here given toach, ia the aathor%. 
upon defaateabfe gromML 
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Increase of Specific Heats. — A fourth solution of tlie 
problem hiis lieen soggesU-cl hy MM. Mallard and Le Chatelier. 
From vuriijiia experimenta they liave nia<le, tiiey are of opinion 
that the spitci tic heats of gases increase nt veiy hi^h temperatiireB, 
und that thiu increnGe may in ]iart acuutint ibr ''after com- 
bustion." The Eubjecl is still in tlie stage of investigation, and 
no very positive determinations have, we believe, yet been made. 

Whatever tlie causes producing the phenomenon of "uach 
brennen," tJiere can be no iloubt that it ia in itself injurious, and 
not, aa Otto considered, advantngeous. The suppressed heat, 
although ultimately developed, is not evolved at the right time, 
and therefore cannot contribute to the iiiaximuoi pressure of 
explosion. In practice and in theory the full utilisation of the 
heat supplied to an engine depends on the range — that is, the 
maximum temperature of explosion, and the minimum temper- 
ature of exhaust. Whatever checks the attainment of this 
maximum temperature has an injurious eJTect on the efficiency 
of the engine. The difficulties of the subject have been ably 
aummed up by M. Richard in the following words : — 

Cylinder Wall Action, — "No satisfactory answer has yet 
been found to the question ; What is the cause of the loss of hciit 
during explosion and expansion? It cannot be denied that it 
is partly caused by the action of the walls; they have an in- 
fluence which, if studied alone, may almost be formulated as a law. 
But is the effect of the walls varying or constant 1 To what 
extent does it intervene, during the motor stroke, in the other 
phenomena 1 Tiicse are, — the increase of specific heat at the 
temperature of explosion (not yet universally admitted); — 
dissociation, a phenomenon rather suspected than proved ; — 
combustion continuing during expansion, which some deny and 
others vehemently aflirm. If it exists, as in my opinion it does, 
it is a result of the composition of the charge, compression, and 
the method of ignition. In a word, it is a most complex ]>heno- 
menon, not only in itself, but because it is connected with all the 
actions simultaneously produced during the short period of a 
motor stroke. . . . The experimental theory of the gas 
engine has not yet been made. . . Like that of the steam 

engine it cannot be determined without eximriments, but it is of 
such importance that it ought to be undertaken, without shrink- 
ing from the tuil and dilliculty, the length and cost of the study 
it involves." 

The Author is of opinion that the cylinder wall action in gas, 
08 in steam engines, is very considerable, and it may be well to 
compare this action in the two types of motors. In the case of a 
single-acting horizontal four-cycle gas engine with water jacket, 
the difference of tem|>erature between the gHS and the metal is 
greater than between the steam and the metal iu a steam engine. 
In gHB engines heat goes through the metal walla nearly always 
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in one direction, from the centre of the cylinder ontwards. There 
is a greater flow of heat at the explosion end of the cylinder and 
in the large clearance areas, because the temperature and pressure 
are greater than at the other non-explosion end. During the three 
non-motor strokes, the beat would travel through the walls much 
less rapidly, and the temperature of the metal would tend tu 
became uniform. In a steam engine the wall action fluctuates 
periodically in the thickness of the metAl, first in one direction, 
then in the other. During the steam stroke, heat pusses from the 
hot steam to the cooler walls, und during the exhaust, from the 
hotter walla in the reverse dirt^tion. 

In a gas engine, during the explosion and expansion stroke, 
the heat passes rapidly doubtless from the hot gases to the cooler 
walls, which, on the side touched by the water, are at a tempera- 
ture of say about 150° to 180' P. The tempemtnre of the gases 
will vary from aay 1,800' to 2,500° F. If we assume an average of 
2,000° F,, there will be a <liBerence of temperature of about 
2,000' - 150° = 1,850" F. between the gases and the metal 
nest the water, causing the heat to flow through the walls to 
the cooler circulating water. 

During the eihauat stroke the gases are still much hotter than 
the walls, and the heat flow will be in the same direction, but 
less energetic. During the admission stroke of cold gas and air, 
the movement of heat will either be reversed or nearly eus[>ended, 
as, by the time the charge has actually tilled the hot cylinder 
and clearance, there will no doubt be little dirterence in tem- 
perature between it and the walls. During the compression 
stroke, there will be a tendency for the heat to puss again to the 
walls from the gases. We may thus assume that the flow of 
beat, though varying much in intensity, is generally from the 
internal to the external suriacea of the cast-iron walls, ur from 
the hot gases to the cooler water. 

At the explosion end of the cylinder the clearance surfaces 
will, to the thickness perhaps of a sheet of paper, approximate to 
the temperature of the dry gases. The lubricating oil will act 
asanon-condactingfilm, and tend lu check the flow of heat. Nor 
must it be forgotten that, according to the opinion of the best 
authorities, the centre of the charge is much hotter than the 
parts in contact with the walls. The flow of heat may, there- 
fore, commence from a Lot nucleus in the middle of the cylinder. 
The thickness of the metal walls will vary say in different 
sized engine cylinders, from 1 to 1 j inch. As the metal at the 
explosion end will be much hotter than at the other end, there 
will probably be a flow of heat horizontally through the thickness 
of the wall townrda the crank, as well as the flow radially from 
the hot gases. These two movements of heat will probably form 
a thermal gradient slightly inclined to the axis of the cylinder. 

Xflbet of Time. — .Again, there ia the question of time infla- 
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encing the wall heat nction. Taking two niotrirs runoing at 
diflferiint vevuliitioii!) per minute, the engine with the slower 
piston s|>eo(I will give the water and the goxes more time to 
interchange their heat than the quicker running engine, in 
which a shorter time per stroke is allciwed. The quantity of 
jacket watpr passing per minute round the cylinder, to cool bo 
many square feot of tutemol surface, is another factor of thia 
complicated wall action. In other words, the number of Ilia, of 
water piissing per minute through the jacket per square foot of 
internal Kiirface aliuiild always be considered, as well as the action 
of the metal of the piaton. As the clearance area ex|toaed to the 
hot gases is much larger in gas than in steam enginea, theso 
important surfiicea should, in accurate exjieriments, Ire given i 

square feet, as well as the cylind ' * "" 

strokes violent movements will take plac 
particularly during the explosion stroke, i 
is probably filled with flame. 

M. Kichard maintains rightly that ex[)erimenta are much 
needed to deterndno the temperature of gas engine walls, of 
which so little is known. The author hopes soon to be able to 
make some tests similar to those he has undertaken upon steam 
engine walls, where the tflmpcrature of the cast-iron cylinder 
plays a moat imiwrtant part. 

Professor Kennedy aharea the opinions of most other scientific 
men as to the great future poaaihilities of the gaa engine. In 
a lecture delivered at the Royal Institution (in April, 1S93), on 
the " Utilisation of Energy," he places the theoretical efficiency 
of eoal gas at 80 per pent. Of this a gos engine, he says, utilises 
from 22 to 32 per cent. Tlie waste of heat is chiefly due to the 
jacket, because, owing to the high temperature of the working 
agent, we Lave, in Professor Kennedy's words, to "adopt the 
somewhat barbarous expedient of continually keeping the metal 
cool by means of a water jacket," 
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PART 11. 
PETROLEUM ENGINES. 



CHAPTER I. 



THE DISCOVERY, UTILISATION. AND 
PROPEHTIES OF OIL. 



Cu^T■NTa, — Petroleum : Ita Productioa in Rnuin, America, aiut Scotland 
— Composition — UisUllntion — Ueiuity— Flashing Point — Evapontion 



The name ))etrot>>um, or roek oil, is derived from the Latia 
vords fmtr/t, a rock, and oUttin, oil. It ia a mineral product, 
obtained from the earth in two dilfereot ways. Most of the ail 
used it drawn, at varying depths, from subterranean wells in a 
natural state, but a rolalively small quantity is also produced by 
distillation from bituminous shale. The extraction of oil Las 
been curried on in Scotland since 1830 ; the discovery of rock 
oil in the CArth, and the operatiuna necessary for bringing it to 
the surface, date from a few years later. A. third kind of oil, 
which must be distinguished from these, is obtaiucd from fat 
and grease, by the application of Intense heat, in retorts. The 
process is osually continued until the oil has been converted 
into a rich gas. Lastly, there are vegetable oils, such as linseed, 
. OMtor, palm, or olive oil, from which gas may also be produced 
* J distillation. To distil gas from a.ay kind of oil, great beat ia 

Mary. 

i Petroleum. — Within the lost few years petroleum has become 
Dst important article of cDmtnerce. There are two countries 
which this oil has liecn chiellv obtuined, the shores of ths 
n<l the centre of the'United States. It is known, 
BT, in exist in many other pliices, and has been found in 
Aint^ricn, nsjiecially in I'eru and the Ai^entine Republic, 
' lb9U), Heluochistan, Japan, China, Burmah, 
, and In the south-cast of Europe. Some 

-f opinion thiit petroleum may be discovered 

^ the borings are carried deep enough into the 
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earth. But for the present the supply from RuSKia is, and will 
probably long continue to be, practically unlimited, and itussian 
jietroleura is convejej bo cheaply all over Europe, tbat it is not 
worthwhile to seek for oil elsewhere. The chief centre of the oil 
industry is round the ehores of the Caspian, though important 
oil fields have been discovered in Central Asia. It is only within 
the last twenty years that these vast natural reservoirs have 
been utilised, and their discovery threatnns in several ways to 
revolutionise commerce, especially as providing a new kind of 
fuel. The town of Baku, the capital of the Caspian district, has 
from a village become a large and flourishing city, since oil has 
been found in great (|uantity in its vicinity. The existence of 
an oil re;^on round the Caspian was known from the earliest 
times. The district was colled by the ancients the Fire Begion, 
and the mysterious fixmes which issued from fissures in the 
rocks were worshipped by them COO years B.C., aa manifestations 
of the Fire God. These flames are nothing more than the gases 
given off by the subterranean oil reservoirs, ignited at some 
remote period, acd which have never been extinguished. 

BuBsian Oil. — The extraction of oil from the earth in the 
Baku district is now carried out on a regular system. The well* 
are tapped, or the oil is "struck," as it is called, and immedi- 
ately rises to the surface at a high jtressure. It is then conveyed 
through pipes direct to the redneries, where it is purified, and 
separated into the lighter volatile oils, as naphtha, the lighting 
or intermediate oils, lubricating oils, which are ail of varying 
density, and the crude petroleum called "astatki." Through 
another line of pipes it is next carried to till the tanks in the 
steamers on the Caspian, no other method of distribution being 
employed. This system of pipes forms a network over an area 
of several square miles round Baku, and the oil issues from the 
wells at so high a ]iressure that no pumping is required, until 
the flow has begun to diminish. It is struck at a depth varying 
from 70 to 825 feet below the surface. A new line of pipes is 
now in course of construction, for carrying refined oil from Baka 
through the Caucasus to Batoum, on tlie Black Sea, 560 miles 
distant, from whence it will be e-asy to convey it by sea to the 
south of Bussio, and throughout the countries bordering on the 
Mediterranean. The oil industry of Baku has been greatly 
developed, and almost created by two Swedish engineers, Robert 
and Ludwig Nobel, who have organised a system of obtaining 
and refining the oil, and distributing it all over Europe (see 
Mote on p. 334.) 

American Oil. — The second source of oil supply is from 
Pennsylvania and the Alleghany district in North America, and 
the newly discovered oil regions of Athabasca in Central Canada. 
Here also the supply is ample, though the borings are carried 
1 lower, oil being usually found at a depth of from 500 to 
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4,000 feet from the surfftcc. The petroleum wells of Peunsyl- 
vaniA were discovered about 1859. The oil issues frorii ihe 
ground at a tower pressure than in the Oas|iinii district, and is 
pumped through pipes, often hundreds of miles in leugtli, to ths 
chief comnierciiil centres of the United Status. Thera are about 
25,000 petroleum wells in Americfl, anil 40U in the Cjis]iian, hut 
the Kup[tly in the latter is very much more ahundunt. In 189U 
the yield of oil from the American wells was 2,600,000 gallons a 
day, and fnim the Caspian nearly 2,700,000 g^allons per day. 
The supply from both is at pi'esent up^mrently unlimited, and 
there aie only two drawbacks to the use of [letroleum nil over 
the world, for lighting and healing purposes, ic. The Hrst is 
the coat and difficulty of tmnsport, which will no doubt be over- 
come ; the Becond is tlie varying composition and inflammable 
nature of the oil, necessitating great care in carrying and storing 

Scotch Oil. — The third source from whenco mineral oil >& 
obtninod is by distillation from bituniinous shale or "petroleum 
peat." Dr. James Young was thu lirst to discover, in 1850, 
that petroleum could be extracted from shale, rich beds of which 
exist; in abundance in Scotland. The oil produced is usually 
known as piiraffin oil. 

Thus during the last forty years a vast and hitherto unsus- 
pected store of natural fuel has been brought to light, which, 
unlike coal, rei^uires no laborious mining process to extract it 
from the earth. It is merely necessary to bore a well of th» 
requisite depth, with an instrument known as a well-driller, 
over which a wooden structure is erected, and the oil issues 
forth in a liquid stream. Tho boring is often now carrietl out 
by a motor driven by oil. Care must be taken, however, in the 
Caspian district, that the flow of oil is not allowed Ifl becoine so 
great as to Hood the country. Thus in the Droojbn fountain, in 
mK3, the oil rose to a height of 300 feet, and flowed at the rate of 
2,000,<l00 gallons a day. It burst to the surface with the force 
of a miniature volcano, carrying with it large quantities of sand, 
1 the damage done to the surrounding country ruined the 
Almut iiO.OOU worth of oil per day were thrown up, 
d most of it wasted. To check this tremendous flow, the wells 
1 now "capped" at once if possible, and frequently covered 
~ "ted," if the price of oil is at the time so low as to 

ting unrenumerativc. Thus the supply is stored 

I of Oil. — The difficulties of utilising Nature's 

1 of lij:hl and beat become apparent, as soon as 

iu.;-nis ol' the oil are examined. The coniposi- 

coFil, wood, ic, varies considerably, and 

•miforni. I'rude petroleum consista of 

■.■nii<; ill their proportions 111 every oil. 
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and all ai'e of difierent donsities. The density of som 
low, aud they are much lighter than water, taken t 
The lighter the more dangem 
rapidly it evaporates, giving oJf inflammable vapours wbicli 
ignite if a light be brought near. As the chemical constituent* 
of petroleum have diffp|-ent boiling points, they are vaporised 
ttt dilTerent tem|]eratures. Hence the ditliciilty of dealing with 
these oils. At a low teniperature the lighteBt and most volatile 
hydrocarbons rise to the surface, and Arc tirst given off. As the 
temperature increases, and more heat is applied, the heavier and 
more inQammable vapours are separated, till at last all the 
volatile oil is evaporated, and a thick heavy liquid is left, called 
"astatki" in Russia, iind "residuum" in America. Formerly 
thia petroleum refuse was considered nseless, and thrown away. 
Both in America and liussia it was allowed at times to run to 
waste, and formed hikes of liquid petroleum, which were often 
set on fire, to get rid of tliem, or caiTied off by pipes into the 
sea. It is now known that, though this refusi; cannot be 
volatilised by the iipplication of heat, however intense, it may 
be broken ap or divided into spray and utilised, by injecting air 
or Bteam into it, and thus burning it. It is used extensively in 
Kutuiia and America, and forms a valuable liquid fuel, though it 
does not yet pay for the coat of transport to other countries. 

Distillation. — If American, Rus-ian, or Scotch shale oil bo 
heated gradually in a retort, it is divided up by what is called 
"fra,ctional distillation" as follows: — The highly inflammable 
vapours, variously known as naphtha, gasolene, benzoline, 
petroleum essence, petroleum spirit, ic, are first given ofil 
These vapours, though very dangerous, are free from irajmrity. 
A^ the temperature of the retort inci-eaaes heavier gases are 
liberated, and carbon is deposited ; while at a red lie.at the 
residuum is split up, or "cracked." and converted into a true oil 
gas, containing a large amount of tarry pi-oducts. "Cracking" 
is the term applied to petroleum when, by subjecting it to great 
heat, the heavier chemical constituents, which will not them- 
selves vajKtriseat that temiieniture, are split up and decomposed 
into lighter hydrocarbons, which ai^ readily evaporated. The 
different oils thus formed are. in the order of their density, 
volatile essence or spirit ; kerosene or illuminating oil ; what is 
called intermediate oil, because in density and inflammability it 
in between the light and heavy oils ; thick lubricating oil ; and 
lastly, iMlntki or refuse, which may either be made into gas, or by 
the addition of superheated steam, burnt as fuel. 

DiSTerent Densities of Oil.^It must not be supposed that 
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inrnllible test of their quality, for the same oil, naphtha, kerosene, 
or labricatiag oil, will often vary in density, according to the 
petroleum from which it is obtained. Sometimes an oil will 
contain more of the lighter, sometimes more of the heavier 
constituents. At Baka ihe lightest oils are found in wells of 
great depth, and hence the high pressure of thfi oil fountains, and 
the force with which they rise ; the heavier kinds lie nearer the 
surface. The difflciilty caused by Ihe varyiug density of 
petroleum, and the dill'erent temperatures at which it vaimrises, 
18 the main obstacle to its use in heat engines, nnd special nieans 
are employed in every case to convert it into spray. If the oU 
be simply injectetl into the cylinder like gas, the lij'drocarbons 
are soim deposited, and are troublesome to get rid oC If only 
the lightest oils or spirit are used, they are even more easily 
ignited than gas, but they are expensive, and dangerous to 
transport. Legally tliey can OTily be used with special precau- 
tions in heat motoi's. The heavy liquid refuse is not inllammable, 
and therefore quite snfe, but to employ it in nn engine it roust 
be previously distilled in a retort. It is the iiilemiediate kinds 
of oil, obtained from heavy residuum after refining away the 
volatile ensence, which are chiefly used for lighting and henting ; 
and |)etroleuni, OS distinguished from spirit ur naphtha, motors, 
are usually driven by these oils only. If natural oils have 
been carefully refined, and their more volatile constituerits drawn 
off by the application of heat, they become much leas inflara- 
mabie, Lighting oil or common kerosene will not ignite ut the 
ordinary temperature, and will even extinguish a lighted taper 
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ipplicd to it. Sjiecial legnl 
placed o[i tlie use of oil in most Kur 
known as the Flushing Point, is p; 
flammubility. 

Floabing Point.— The flashing point of a 
turo at which it gives off inflammable va])o 
its density or speciflc gravity — that is, tl 
volume ol its weight, as compared tn the 
Volume of water, at the ordinary lenij'— ■■■•■ 
Allowance must nlways bo made for < ' 
rwi, because petroleum increases gi< 
degree nse of heat Todet«rriiiue ji- 
as unity, and the 
ecific gravity of oi 
density of water, the loss danger will £ 
niability. Petroleum winch hns » lo 
al constituents, and 
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', containing heavier hya 
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Te«ael of oil is iuimeniecl in another eontaining water. The tigkt 
fittiiifj! cover of the itmall oil vessel has three holes, whidi h* 
opent^l bv niriviii;^ a slide. Thruui;h one a thennometer u puMd 
into the vessel, nnil a f^aa Uurner and flauie are fixed kbOTetk 
others. TKc nil is lit-ate<.l by raising the temperKtare of tbe 
water in the n-ceivor l>r means of a lamp. At about 66* F.,« 
19' C, tbe slitlu in the eiiver of the air vessel is slowljr with- 
drawn, tlie t1;iine tilted till it is 1>rou};ht beneath the lid thto(i|b 
the holes, and the oil watchetl until it lights or flashes. Ue 
fiashinj! point is di>t4'r(iiined from the mtntber of degrees riMiB 
temperature r>f tlie oil. In most countries of Kurope ud 
Ameiicit an oil niuy \ie nseil i;ivin^' ofl' inflammable vapooiv 
that is liavin;; a flashin;£ point lielow a certain limit of tempen- 
tare, which is tixed l>r Uw. Jn KngUntl and Canada tbe linit 
is 73' ¥., or '22' C: in America and Austria, 37-S" C; ii 
France, 3-"> C: Uussia, 2;!' C; Cennany, 21° C. The flaahuf 
point may also )h- ron^hly determine*! by holding a lighted taper 
above an o]h-u vessel tilled witli oil. As the temperatore it 
raiaeil by the lient of the tajx-r, li<;ht hytlrocarbona are liberated. 
rise tr> the surface and ignite, ami if a thermometer be placed 
in the <iil, tlie Hashing p*>int can lie read ofi*. The higher tUi 
limit <>f ignition, the safer the nil. 

Ignition Point. — Tlin ij;n it ion or burning point of oilistka 
temperature at which the oil itself, and not the ii 
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vapours given off, takes iirt-. li is of coarie of n 
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teuiporature and is very dangerous, may not be used. The 
flasliing point of astatki or crude petruleum refuse is altove 
300° C. ; intermediate Scotch ehale oil has a flashing point of 
105''C. = 22rF. 

The table on p. 2C8 (from Professor Robinson's Gas and 
Petroleum Engine*) gives tiie proportions, flashitig point, and 
specific gravity of the diBerent hydrocarbons contained in 
Buxsian, American, and Scotch petroleum. 

The next table shows the chemical constituents of the oils 
from the different couutriea and their heating value ; — 
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Bnisia (Bafca), 
America, , 

Scotland, . 



Heavy crude petroleum, 
Light cruilo petroleum, 

Heavy crude petroloum, 
ConunoQ potrulenin, 
Aatatki or residunm. 
Shale oil, 



DHia S(S'3 l»-6 U-l 
84-8 13-0 1-2 

0-8S0 8(9 137 1-4 
88 3 139: 08 

0023 971 117: 1-2 



Frofesaor Bobinsoii's Experiments.— .\ aev 

and interesting experiments were undertaken 
Bobinson. to determine the nature of the changes 
Lent in difTerent kinds of oil. In order to ascei 
perties of oil, and how much additional heat wa: 
convert it into a vapour before usiug it in the i 
engine, he desired to know the ti-ciijieratinv at 
jdistilled or evaporated, and the pressure of the peti 
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Oil, the lesB differencp there was lietween it and the tem- 
perature of the diatilled vaponr. A marked difference between 
the various oils tested was found, in the graUuuJ or abrupt 
distillation of their constituents, and the percentage given 
off at the different temperatures. As a rule, Scotvli shale oil 
distilled slowly at ti high tpmperatare, with the exception of 
Trinity or lighthouse oil, 55 per cent, of which distilled between 
170° C. and 230° C. Some of the ordinaiy lubricating oils dis- 
tilled rapidly nt a temperature commencing at 120° C, the 
Ku&.siau at 130° C. The oils which distilled a large percentage 
of their volume wiihin a limited range of temperature, showed & 
more or less uniform composition. Others evaporated slowly 
through a wide range, proving that they were more complex in 
comjKisition, and made up of hydrocarbons having varying boil- 
ing points. Only a aniall percentage of the heavy, intermediate, 
and Scotch shale oils was distilled at a very high tem{>erature. 
The range of temperature applied to these oils varied from 
120' C. to 270° C. At a temperature of from 215° C. to 240' C, 
about 50 per cent of the American and Russian oils distilled. 

Evaporation of Oil. — The next experiments were undertaken 
to detfrmiue the et'aporation &om heavy oils in the open air, when 
exposed lo a slow gentle heat, under ordinary atmospheric condi- 
tions, and thus the amount of light hydrocarbons thoy contained. 
Lighthouse, Scotch shale, aud lubricating oils, having a Epecific 
gravity of OS 10 toO 8.''.3,were tested. They were placed in shallow 
receivers, and a steady heat maintained beneath them, the tem- 
perature of the oils being kept for three hours at from 40° 0. to 
lis' C. The amount of evaporation was determined by weighing 
the oils before and after the experiments, and it was found that 
the percentage of loss varied inversely us their specific gravity. 
With the heaviest lubricating oil, the loss in weight was 2116 per 
cent., with the lightest oil of 0^10 specific gravity it was 6'90 
per cent, in the same time. These experiments show the degrees 
of safety with which oils may be stored in hot climates, and the 
necessity of ventilating and keeping cool the oil tanks, tltus 
diminishing risk and loss by evaporation. 

PresBUrea of Oil. — Professor Robinson next endeavoured 
to determine the pressures of the different oils, corresponding 
with a given rise in temperature. Some difficulty was experi- 
enced in making these trials, because it was found much less 
easy to jireveut leakage from the joints with petroleum vapour, 
than with steam or lighting gas, Tlip testing apparatus consisted 
of a U-shaped glass tube, ha\-ing one limb longer than the othei-. 
At the end of the shorter was a spherical bulb, the longer was 
provided with a graduated scale. The tube and bulb were 
filled with mercury and oil, the oil being uppermost in the bulb. 
The temperature was raised by placiug the glass apparatus 
is ft glycerine bath, gradually heated by a Buusen buruer. As 
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tlie sample of oil in the bulb increased in t«iii])eriiturR, the prea- 
■ure generated by its vapour forced tlit? mercury dowii the bulb 
and up the lonjjer limb of the lube, and its riap was noted on the 
scale. Corrections were carefully made for the teiiiperatiire of 
tho room, latent heat of ev(i|>oration in tlie oil, expansion of the 
glass and mercury, ic. The height of the mercury in the tube 
showed the pressure attained by the petroleum viipour in the 
bulb, corresponding to the rise in temperature of the glycerine 
batli. The results of the experimentH were afterwards plotted 
on curves, showing the projiortioual inci-ease of pressure with 
increase of temperature, in the same way as with steam. Pro- 
fessor Kobinson gives various curves exhibiting the temperatures 
&nd pressures for different oils. It was found that stcnm had 
a higher pressure at a given tem]>erature than any of the oils, 
except petroleum spirit or naphtha, the pressure of which rises 
more rapidly in proportion to its temperature. At 300° F. the 
pressure of petroleum spirit was 125 lbs. and that of steam is 
55 lbs, per st^uare inch. The pressure of oiiJinary oils was much 
less. Common lighting oils, chiefly American, gave on absolute 
pressure of a little above 150 centimeircs of mercury, at temper- 
atures varying from 170° C. to 200° C, while the heavy oils, as 
Lighthouse or Scotch shale, having a specific gravity of about 
0'8:^5, showed a very low absolute jirfssum,* 90 to 94 centi- 
metres of mercury at a temperature of 200' C. The lighter tho 
oil, the more nearly it approached the temperature and pressure 
of Et«ani. At lower teni[)eraturea the oils exhibited great difler- 
ences of pressure, but at the lowest tt-mpemtiiro ti!St4'd, nboufc 
80° C, all gave nearly the same pressure, vis, about 60 centi- 
metres of mercury (absolute |)ressure) At temperatures below 
100° C. the pressure of water vapour was very much higher than 
tiiat of any oil. 

The pressure of air at a given temperature being known, it 
is possible, with the help of these valuable tables, to determine 
approximately the temperature and pressure of petroleum va[iour, 
and therefore the work which should be obtiiined from a mixture 
of oil and air in the cylinder of an engine. Much, however, 
remains to be done, and at jireaent we know Htlle about 
action of {>et] oleum under great heat in a motor. The 
oulties of the subject are increased by tlit) complex omstitn- 
of oil. The latent heat of evaporation of petroleum is 
-ninth that of water — that is, the same quantity uf heat 
irut<! nine times as much oil of average speciliu gravity 
but thu expansion uf the vapour is only one-lifth that 
T^iiour or steam. Ht-jice the same quantity of heat 
' M i\uf~ ii- iiiiich oil vLipour as steam from 
■ ■ Lilim'' ihiia are from Professor Robiu- 

;|iiu llic preuurv of the almuspherv. 
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Hon's ablfi lectures at tlie Society of Aita on " Tlie Use8 of Petro- 
leum in Fritiie Motors," to which the stoilent ia rpfeiTcd for an 
nxhaustivfl treatment of the subject. Professor Robinson has 
bueu the tirat, as far as the niitliur is aware, to make a special 
study of tliis ilidicult question. 

TTtiliBatioa of Oil.— Having thus considered the chemical 
com|iosiiioa and properties of od, it will be evident that though 
iC can be utilised in many ways to produce heat, the process is 
complicated, because its constituents vary so widely. There 
arR four methods by which petroleum may be used to generate 
mechanicnl energy in a heat motor. 

I. As liquid fuel it is burnt under a boiler to evaporate water. 
Tn this case the petrnleum is simply useil as fuel, and produces 
the same clfect. It is injected through a nozzle, with a jiroper 
admixture of steam and air, into the furnace, where it is burnt 
in the ordinary wny. The heaviest petroleum and oil refuse may 
be thus employed to generate heat ; the greater the specitic 
gravity of the oil, the better suited it is for fuel. 

II. Petroleum may be subjected to destructive distillation 
in a ret«rt, nod turned into a fixed gas, in the same way that 
lighting gas is distilled i'rom coal. Any oil may be treated in 
this manner, but the best for distilling are the intermediate oils, 
which are neither so light that they escape before they can bo 
gasified, nor so heavy that they cannot easily be broken up. 
The oil gas thus produced is exceedingly rich, having twice the 
heating value of coal gas. Mixed with air in proper proportions, 
this gas is introduced into the cylinder of an engine, and the force 
of the explosion drives the piston forward, as iu a gas engine. 

III. The lighter and more volatile coustitucnts of petroleum, 
Buch OB gazolene, benzine, petroleum spirit, essence or naphtha, 
are used, in the same way as oil gas, to work a motor. The spirit 
is previously prepared, and the heavier hydrocarbons withdrawn. 
Except that the power necessary to drive the engine is obtained 
by explosion, the action of the volatile spirit is similar to that of 
steam in a steam engine, the spirit being condensed, re-evaporated, 
and used continuously, as in the Yarrow spirit launch. The same 
spirit is also used aa a fuel to vaporise the working agent. 

IV". Ordinary petroleum ia evaporated at a njoilerale temper- 
ature in an apjiaratus contiguous to the engine, and mixed 
vith air is used, as in tlie spirit engine, to drive the piston by 
the force of explosion. Here also the oil constitutes both the 
fuel and the working agent. Engines employing this method 
to produce mechanical energy from petroleum may be divided 
roughly into two classes — (a) Those in which the whole of the 
crude petroleum is vaporised, and so broken up that practically 
no residuum is left ; (6) Those working with oils of Jower specific 
gravity, in which cold air is charged with the volatile hydro- 
carbons, and the heavy residuum wasted. Some of the latter may 
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almost ha culled apirit engines, as thu oil tli^y retain for uae ia 
very light and in lift ruin able. 

Various Metbods. — All these methods of utilising petroleum 
as fuel present diflieuities, owing to the complex nature of the 
oil, except when it is evaporated as a pare spirit. It was long 
thought impossible to bura the heavy astatki, but when con- 
verted into spray by injecting steam or air into it, it can under 
certain circumstances be profitably employed. When the petro- 
leum is turnetl into a fixed gas difficulties arise, Imi-ause the oil 
gas becomes tnden with tarry products which, unless it is well 
washed and cooled, clog the pipes and valves. There is another 
obstacle when the lighter constituents of petroleum are utilised 
in an en^ne. Tlicse are given oil* at difl'erent temperatures, and 
the process ia assisted if a large surface of the oil is brought in 
contact with the air. It ia therefore agitated mechanically, the 
■whole of the volatile constituents are gradually evaporated, and 
a heavy residuum reniains, which is usually wasted. Some 
inventors prefer tlius to utilise only the lighter and more in- 
flammable portions of the oil, and to sacrilice the remainder, 
thereby obtaining much quicker evaporation, more power, and 
cleaner combustion thnn with heavier oils, though the consump- 
tion is greater. But the method more generally employed, aa 
safer and less wasteful, is to evaporate the whole of the oil in 
the cylinder of an engine. This I'equires the application uf ex- 
ternal heat. 

We will now consider— I. Petroleum as fuel, and II. Petro- 
leum when converted into oil gas. Id the next chapter wo shall 
treat of 111. The use of Petroleum spirit, and IV, Crude petro- 
leum in oil engines. 

I. Petroleum oa Puel.^ — The advantages of petroleum, when 
burned as liquid fuel, are so great that it is safe to predict it 
will in time compete with coal and other fuels, and become an 
important factor in the commerce of the world. There are now 
on the Caspian forty "oil steamers," in which the boilers are fired 
with astatki. All the locomotives on the Tsaritaiu and Grozi 
Railway iu south-east Russia are fitted with an apparatus for 
burning petroleum refuse, instead of coal, under tlieir Iwilers. 
Coal in that part of Russia being dear and scarce, tlin economy 
thus realised is considerable. In fact the Baku oil fields have 
\ created the Caspian fleet. The uses to which petroleum is now 
i; turned in Riissin, where the oil is obtained on the spot, 
rnbal>ly be extended to other parte of Eusiern Europe, as 
la the pipe lines have been laid along the Caucasus to the 
Ie8m. 

—The difficulties attached to the use of petroleum 

* complex constitution ; secondly, its inflam- 

I1Ti its cost. The two first do not apply to 

The heavy oil used on the Russian 

18 
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raflways is scarcely more inflaminable than coal, and there is con- 
sequently no danger in usin^ it. This was proved during an 
accident on the line, when an engine and carriages left the rails, 
and the tank of astatki in the tender did not ignite. The constitu- 
tion of the petroleum is also fairly uniform, because all the volatile 
hydrocarbons have been evaporated, and though it is heavy and 
difficult to break up into spray, yet when combined with injec- 
tions of steam and air it forms a safe and excellent combustible. 
At present, however, it can only be used in countries producing 
it, on account of the cost of ti-ai: sport. In England it is not likely 
to compete with native coal, but it may in the future be found in 
our Colonies and Dependencies, and there be turned to great 
advantage for locomotive and marine engines. The steamships of 
the Chilian Company use 100,000 tons of petroleum yearly. An 
abundant supply is found in Peru, and oil fields are also being 
opened up in Ecuador. In Scotland we have an almost unlimited 
quantity of shale, capable of yielding 120 gallons of oil per ton, 
but it is chiefly utilised at present for making gas, and for 
metallurgical and other processes. The cost of petroleum 
delivered wholesale in London and Liverpool is — American 
Ordinary 3|d. to 4d. per callon ; Bussian Ordinary 3Jd. to 4d. 
per gallon ; Scotch Shale Oil 2Jd. per gallon. 

Advantages. — The first advantage of using petroleum as 
fuel, whether under boilers or in the cylinder of an engine, 
is its purity. It contains no sulphur, and is said to give oflT 
little or no smoke. If the oil is perfectly consumed, petroleum 
is the cleanest of all fuel. Another gain is that additional 
oiling is seldom required in the cylinder of engines driven by 
petroleum, because it acts as a lubricant. Where the oil is 
used as liquid fuel to evsiporate watf r, heat is economised 
because, as it passes automatically into the furnace from a tank, 
it is not necessary to open the fire door, and the temperature 
of the furnace is not lowered. Petroleum is also much more 
convenient to store, and occupies much less space than a cor- 
responding quantity of coal. Lastly it is of much greater 
heating value, as shown by the amount of water it evaporates 
per lb. of fuel. It has twice the evaporative power of some coal. 
Professor Robinson quotes figures to show that it evaporates at 
least 50 per cent, more steam than best Durham steam coal. 
Kussian petroleum refuse burnt in a series of shallow troughs 
under ordinary boilers evaporated 14^ lbs. of water per lb. of 
refuse ; coal burnt in the same boiler gave an evaporation of 
7 to 8 lbs. water per lb. of coal. So high a result is not obtained 
when the astatki is sprayed. Professor Unwin tested the 
evaporative value of ])etroleum under a steam boiler, and found 
it to be 1216 lbs. water (from and at 212° F.) per lb. of oil 
burned. The rate of evaporation was 0*75 lb. water per square 
foot of heating surface. He estimates the calorific value of the 
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petroleum he iisptl at aUout 25 per cent, liigher than an equal 
weight of WeUh coal. 

Liquid Fuel. — It is on tlie Russian Suuth-Eastern Railway, 
between Giazi and Tsaritzin, that tlie value of petroluum as fuel 
for evaporating steam in locomotives hHS Ijeen thoroughly tested. 
Mr. Urqiihart, the able Huperinteudent of the line, has by 
degrees replaced coal by petroleum in almost all the engines 
under his charge. In the oil obtained at Baku there is a 
reniduum of 70 to 75 per cent, after the volatile naphtha and 
ordinary kerosene have been drawn off by distillation, and 
jirior to its utilisation under boilers on this railway enormous 
quantities of this refuse were thrown away. Before 1883 the 
loconiotivoB were fired with anthracite, but after various attain pts 
Mr. Urquhart succeeded in altering the shn|>e of the fire box 
i-md tubes to burn petroleum. There are 42<i miles of railway 
on the Urazi-Tsariteiu line, and 143 engines are now Hred with 
petroleum. The specific gravitv of the oil used varies from 
0-att9 to 0-011, and its weight is .'55 to 56 lbs. per cubic foot. 

The tank containing tlie peti-olcum is placed for safety inside 
tbt! feed-water tank in the tender. The oil is drawn from the 
tank through a pi|>e, terminating in a nozxie, and injected into 
the furnace. The size of the orifice has been carefully determined 
by experiments. A smaller tube containing steam from the boiler 
[lassea down the centre uf the oil pipe ; th» steam and oil mingle 
at the moulli uf the nozzle, and are injected ns fine s]>ray into the 
fire bus. At the junction of the tube and tire box they are o])on 
to the atmosphere, and the air, having free access, is drawn by 
suction to the nozzle, and enters with the steam and oil. The 
force of the mingled btust is suSicient to break up the oil into 
very line spray, which la driven Hgainst a fire brick division in 
the lower part of the tiro box, and thus still further subdivided, 
before it rises into the upper ]>art of the furnace as flamo. A 
bridge of tire brick is now used to divide the tire box into two 
sections, and round and through this each jet of air, steam, and 
petroleum va]Kiur has to pass. The actual nrrangenionta of the 
fire l)ox, ic, vary of course witli the class of bu.ier used, 
whither marine, horizontal, or vertical. Besides the locomotives, 
a great many stationary boilers ore fired with petroleum. It 
was at first found difficult to keep the oil in a proper liquid 
state during the severe Kussian winters. A certain quantity of 
Milar oil (one of the lighter oils obtnined from petroleum) is 
now added to it, and steam is carried from the locomotive boiler 
through the oil tank to heat it, by means of a coil of pi|)es. 

Coat of Working. — As regards the cost of working with 
petroleum, the best proof of its economy is the fact that from 
1862, when it was first used on this railway, to 1S88, it gradually 
and entirely superseded coot. The saving in money is stated by 
Mr. Urquhart to be 43 per cent. In 1882 the consumption of cost 
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per engine mile, incladint; wood for ligliting up, wns 55-65 lbs., 
costing 7G4d. In 1S87 SOTli lbs. of petroleum refuse were used 
per engine mile, costing iiZd. The expensii of repairs was also 
mocti TesB, owing to the absence of sulphur in tlie oiL Other 
roil«-a;s in RiiS'^ia are now beginning to adopt petroleum as 
fuel. The locomotives on the new Tmns-Caspian lines are fired 
with il, aa no other combustible is avuilahle, and tlie stores of 
liquid fuel will probably form an important factor in the Russian 
advance across Central Asin. 

On the question of the evaporative power and healing value 
of petroleum as compared with coal, Mr. Urquhai-t Sjieaks with 
authority. He estimates the heating power of petroleum refuse 
at 19,832 B.T,r., ondofanequsl weight of good English coal at 
H,113 B.T.TJ. Theoretically, I lb. of petroieum refuse evapor- 
iites 17-1 lbs. of water at a pressure of 8i atmospheres, while 1 
lb. of good English coal evaporates 12 lbs. water undt^r the same 
conditions. In practice he found that tlie petroleum uned ou 
his engines evaporated, at this pressure, 14 lbs. water per lb., 
or 82 ]ier cent, of tho totnl jjossible evaporation. 

Petroleum on an English Bailway.— Some kinds of heavy 
petroleum are also utilised aa fuel on the Great Eastern Railway. 
Air. Holden, the locomotive superintendent, finding much diffi- 
culty in getting rid of the refuse fi'om shale oil distilleries, tar 
from oil gas, green oil, creosote, and other heavy residuum, 
has adopted a luetliod somewhat similar to the Russian plau, for 
burning them undi-r boilers instead of coal. The oil used U 
entirely heavy rel'iisc, thicker and less easy to evaporate than 
BussioJi ofltatki. It is conveyed from the tank through a pipe, 
and injected into a furnace, but the air passes to the spraying 
nozzle through a central pipe, and steam is twice sprayed on to 
the petroleum before it is sufficiently volatilised to he converted 
into fuel. In all cases where heavy oils are broken up by 
injection, superheated steam is found most cHectunl. The injector 
is in three annular concentric parts. The liquid petroleum enters 
one passage, a jet of superheated stenm pa^ises through another, 
carrying with it a current of air down the central tube. Before 
the oil reaches the nozzle, it is broken up into spray by the steam 
jet. After the petrolenm, steam and air are sprayed into the 
fire box, a scjiarate supply of superheated steam is injected into 
the petroleum, and completely atomises it. Tlie vai>oriBed 
liquid strikes against brickwork in the fire box, is broken up, 
and forms a broaJ, conceiitniled flame. On the bars of the grate 
a thin layer of fuel, usually cinders mixed with chalk, is kept 
burning, to maintain a uniformly high temperature, to decom- 
pose the oil, anil ignite the spray. Arrangements are made to 
fire the boilers with oil or coal, according to the price at which 
they can be procured. It is sometimes cheaper to burn one, 
-^—-■-- 8 the other. As with the astalki burnt on the Russian 
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railways, ttio oil is so thoroughly mixed with steam and air that 
there is 110 Binokf, unless it is purposely p^odllc^ed L>y diminishing 
combustion. The mixture employed \>y Mr. Holden consists of 
two parts coal tar, and one part green oil, and coats {generally 
about IJd. per pnllon. The samn systom of firing locomotives 
with oil refuse ia used on the Great Western Railway in the 
Argentine Republic, where thei-e are abundant oil fields. 

B alley 'Friedrlch Engine. — In this motor (which should bo 
carefully distinguished from the Bailey hot air engine), the 
arrangement for burning the oil to evaporate the water is some- 
what similar to tlint iidripted in the locomotive engines driven by 
petroleum on the Riissiun railways. The double-acting vertical 
motor is a reproduction of the Fried rich steam engine with boiler 
and surface condenser, and can be tired either with coat or oil. 
When petroleum is used, it is drawn from a tank placed below 
the level of the boiler, injected into the fire Iiox with a jet of 
steHm to break it up into spray, and ignited as it reaches the 
grHte. The tiames heat the boiler tubes in the ordinary way. 
When starting tlie engine, before steam has been got up, the oil 
is injected with a stream of compressed air, obtained with a 
hand pump. The supply of steam to the jet of oil is regulated 
automatically tiii'ough a diaphragm valve. Oriliniiry petroleum 
is used for this motor, and the consumption ia said to be about 
2-05 lbs. per l.H.P. per hour. The working coat depends of 
course upon the price of oil. 

Petroleuni for Marine PurpoBes. — ^ Marine boilers have often 
been fired by petroleum. About \.!fG7 experiments were mode 
by Mr. Isherwood, of the L'nited States Navy, nn board the 
gunboat " Pallns," on liquid petroleum as fuel. He was con- 
vinced of its superiority to coal in heating value, convenience 
of storage, weight, bulk, absence of stoking, and consequent 
saving of manual labour. He found also that the lighter oils, 
which explode very easily, burn completely, and leave no deposit. 
Against lliese advantages must be set the great drawback of 
L using petroleum to any i^eat extent as marine fuel, namely, the 
I danger of carrying an iiiHammable oil, giving off volatile gases 
1 low temperature, in bulk at sea. Fur this reason, no 
Is of oil but heavy residuum and astatki are likely to be used 
.t present for marine purposes, except on small ships. The oil 
tested by Isherwood was utilised in the same way as on the 
an and C>rp:it Eastern Railways — namely, injected into 
i furnaces, after being thoroughly mixed with steam and air. 
itroteum refuse is as clieap in America as on the shores of the 

' Oil Ooa. — The manufacture of gas from oil differs little in 

'roai tlie process of distilling gns from coal. The oil is 

■"ureil into a retort kept at a strong heat, and llie 

ff is purified, washed, and cooled in the same way 



378 PETROLEUM ESRINES. 

M lighting gas. All oils are not equally fit for gas making. Very 
heavy oils, as tar or blast furnace oils, creosote, ic, thoiigli they 
are vaporised for a tiroe by the application of heat, candenBO 
again under pressure, and cannot he converted into a fixed gas. 
The best way of utilising them is to burn them, as already 
described, under locorootive or olhtr boilers. Oil of low specific 
gravity, as petroleum spirit, is too volatile and evaporates ton 
readily. For making gas ihe best oils are the intermediate, such 
M Scotch shale oil, which are too heavy to be vaporised com- 
|>letely in an oil engine, but are found to yield a very rich gas, 
well adapted for the pur|n>se of driving motors. Vegetable oils 
And animal grease, fat or dripping can also b« used in this way. 
Such motors, however, worked with oil gas in the same way as a 
gas engine is driven with lighting or cheap gas, are not oil engines, 
properly so-called, and must be distinguished from them. They 
do not, as in true oil engines, prepare the fuel for combustion, &s 
well us utilise it in ignition and pxplaston. They are in reality 
gas engines, the gas used being distilled I'rum oil instead of from 
coal. Nor is the economy so great as in oil moton, because heat 
must be applied, fii^t to turn the oil into gas, and then to convert 
the ga.1 into energy. In oil engines one application of heat 
suffices fur both purposes, but tlif power generated is not so 
great. 

DiatlUfltion of Oil Gas— The nietliod of distilling oil does 
not vary much in the diflVrent systems, though it is nsunlly 
necessary to modify the process slightly, to suit the oil or other 
refuse ulilis'Hl. Thus in Alsace and in parts of Fnnnce where 
there are deposits of bituminous schist, the crude petrolenm 
refuse is allowed Ui fall in a thin stream into the retort, which 
is kept at a dull red heat by means of a tire beneath, and after 
being purified the oil gas is stored ready for use. The gas 
obtained has twice the calorific value of tlie same volume of coal 
gas. In another pi-ocess, where a wrought-iron relort is heated 
to a cherry red Vjy s. furnace, the gas distilled has four times the 
calorific value of coal gas, and costs about GO centimes per cubic 
metre. The quality of the gas depends chiefly on the temperature 
of the retort. Is other countries various aubstiincea are success- 
fully distilled to produce oil gas, such as linseed oil in Brazil, castor 
oil in Burinah, palm oil in West Africn, mutton fat in Australia 
and South America, and in gener.il fatty refuse of all kinds, 
wherever it is found in abundance. In Great Britain oil gas is 
usually made from Scotch shale oil, of specific gravity U'^4 to 
0'87, flashing point from 235* F, to 250° F., and yielding about 
100 cubic feet of gas per gallon. The heating value of this inter- 
mediate oil is much increased, if the oil be injected into the retort 
by means of steam jets. The steam is dcL-ouiposed by the heat ; 
00, a gas very rich in lighting value, is formed by the combina- 
tion of the oxygen in the steam and the carbon in the oil, 
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and deposit of Rolid cAvbon is preveiitpd. The followiog tahlo 
gives tlie chemical analysis and heating value of oil gas, as 
maaufiictured hy MeBsrs. Rogers of Watford : — 
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The firat oil gaa producer was introduced into England in 181B 
by Ht. John Taylor, of Stmtford, E^sex. The oil was passed 
successively through two retorts, to vaporise it thoroughly. 
Experience hns since shown that one retor^ if kept steadily at a 
proper temperature, is sufficient to volatilise all the lighter hydro- 
carlions coulaincd in the oil, and convert them into ^as. 

Oil Qaa Producers — Hansfleld. — The Manalield oil gas 
apparutuii ia one of the oldest prodiicerH, and tliat most com- 
monly used. Gas can be made in it, not only from petroleum, 
but from any kind of oil, fat, i-c. Fig. 104 gives an external 
elevation of this producer. A is the receptacle containing the 
oil or fat, which becomes gmdually heated and liquefied, if solid, 
by the heat from the retort below. From here the oil passes in 
a thin continuous stream into the siphon pipe S, wliere it is 
vaporised, and conducted tiirough the wide tube or hood, B, 
J,-, tlic ivtrirt, !;. In which it is further decomposed, and made 

■ L-:is. The i-etort ia placed in the centre of a 

lined with fire brick, L. Before any oil is 

. lining ia heated, and the retort brought to a 

1 temperature of 1,600* to 1.800* F., by 

I bni f uniier the retort. Unless combustion is c-irefiilly 

I bj mnans of the dumper D at the top of the furnace, 

'' ~ *'' idiwduu^ of the products of comlmstion, and the 

'"'" ing the cold nir, the ijuality of the gaa 

■Ugh wliieh the oil passes into the 

1 rutort, as scon through the sight 

ary red. The gases from R pass 

1 pipe P to tlie hydmuliu 
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box H, where they are washed, and freed from the t*rry 
prodactR given off in the mannfactare of gas, by forcing them 
throngb water. The hood B rests npon two sockets. O, above 
the retort, ia filled with lead, whieli melts with the heat, the hood 
rinks into it, aud aa impervious joint is thus formed during the 
gas making process. The other socket, K, is filled with water 
to prevent the escajie of gas unless there is any undue pressure, 
when it forces ita way oat. At V is another safety valve, in 




\ 



Fig. 101.- Mansfield Oil Gas Producer. 

case too much gas is produced ; the tarry deposits are with- 
drawn througli the door N. The purified gases tlien pass 
through the pipe Q to a gashotdfr. 

Two things are necessary to make good gas in the Mansfield 
producer. The heat of the retort must be sufficiently perfect to 
decompose the oil, and the stream of oil roust be so regulated 
that no more passes in at a time than will produce a rich gas. 
With intermediate oil, 1000 cubic feet of gas are made from 7 
to 9^ gallons of oil. or about 100 cubic feet per gallon. When 
used to drive an Otto gas engine, Messrs. Crosaley give the con- 
sumption in a 13 H.P. motor at 9 cubic feet of gns per I.H.P., 
or 10 cubic feet per B.H.P, per hour, the gas beinj; more than 
twice as rich as lighting ga.t. The total coat of oQ and fuel, 
with oil at 4id. per gallon, is about fid. per 100 cubic feet This 
is much more expensive than coal gns in England, but abroad, 
where coal is usually dearer, power mny sonietiraes be most 
cheaply obtained by an engine driven with gas made from oil or 
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fut in a Manafield prodncer. At the Melbourne Exhibition in 
1888, an Otto engine was driven by pas thus generated from 
dripping or fat at the rate of 100 to 120 cubic feet per gallon. 
The flashing point of the fat was above 400° F., and it was 
previously lit|ue(ied by a burner. 

KeittL — Tlio Keith oil gas producer in especially ailaptod for 
oil made from Scotch shale. The principle on which the gss is 
made ia the same as in the Manalield producer, but the process 
is more rapid. The nil filters down, through shallow iron troughs 
placed in tlie retort, till it reaches tlie lowest part, where the 
temperature is highesl. Here it is converted into a gns and led 
off to the wa«her, and then direct to the gasholder, where it is 
cooied and stoi'ed. The pipes are large, and the. pressure of the 
gas ia kt.'pt low until it lias passed to the holder. Ah it is prin- 
cipally intended to drive engines, it is unnecessary to purify it 
further. For illuminating purposes it is again passed through 
lime and sawdust, and after it has reached the holder, the pres- 
sure is raised by compression pumps to 150 lbs. |ier square inch. 
The gas produced, of 60 candle power, is exceedingly rich, and 
too powerful to use in a gas engine wiiliout altering the valves 
and passages. It is therefore diluted with air in an apparatus 
called a mixer, in the proportion of 36 parts by volume of air to 
6S parts of oil gas, and is then of about the same strength as the 
lighting gas used in motors. It is, of course, again diluted with 
the proper proportion of air, when introduced into the cylinder 
of an engine. 

The most important application of the Keith oil gas proee.ifi is 
on tlie AUsa. Crag lighthouse in Scotland. Here it supplies five 
a H.P. Otto gaa engines, working the air cmpressora for the 
two fog siguala. There are four air-pump cylinders, each 10 
inches diameter and 18-inch stroke ; tliey are driven al a speed 
of 160 revolutions, and the air is compressed to 75 lbs. pei* 
square inch. The fog signals are in different parts of the island, 
at a considei-able distance from the air compressing station. To 
supply power for fog signals, which are often required at a few 
minutes' notice, gaa engines are of special value, because they 
can be started without delay. In this lighthouse twelve gas 
retorts are used, producing 10,000 cubic feet in four hours from 
100 gallons of ordinary illuminating parat&n, distilled from Scotch 
shale. From 20 to 30 cwt. of coal are required to beat the retoi-ts. 
The four engines consume 26 cubic feet of pure oil gas per H.P. 
pet hour, or 65 cubic feet for each engine. The price of the gas 
is 5s. 9d. per 1,000 cubic feet ; total cost of working, about 1-1 Gd. 
per effective H.P. per hour. The output is rather expensive, 
owing to the isolated position of the lighthouse, and cost of 
carriage of coal and oil. 

Rogers. — In the oil gas made by Messrs. Rogers, of Watfonl, 
steam heated by the waste heat from the furnace ia injected with 
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the oil into the retorts. The steam is decomposed, and the 
oxygen contained in it combines with the carbon of the oil to 
form carbonic oxide, thus preventing the deposition of solid 
carbon to any considerable extent. Another producer has been 
designed by Mr. Thwaite, to utilise poorer oils than can be 
burnt in the cylinder of an oil engine. The system is somewhat 
similar to those already described, but the retort is placed in 
the centre of a slow combustion coke furnace. The oil trickles 
down the middle of the retort, and becomes completely gasified 
as it passes up the annular space at the side, which is heated by 
contact with the coke furnace. In all these processes, where 
the oil is first turned into gas, and then used to drive a motor, 
more power is developed than where it is evaporated directly in 
the cylinder, although some heat is lost. 

Fintsch. — The Pintsch oil gas system differs from those already 
described because the oil, being intended principally for illumi- 
nation, is more thoroughly puriHed. It is introduced successively 
into two retorts, one above the other. The upper, into which 
the oil first enters through an inverted siphon, is kept at a 
moderate temperature ; the lower retort, in which the process of 
evaporation is completed, is at a cherry red heat. As it enters, 
the oil is received on sheet-iron trays, over which it passes to 
the upper retort, and descends through pipes to the lower. It 
has now become a thick yellow vapour, in which shape it enters 
a hydraulic box, where it is partially washed, and thence passes 
to the condenser, the tar being carried off by overflow pipes to a 
separate tank. The gas is finally purified by forcing it through 
a vessel, the lower part of which is filled with water, and the 
upper with lime and sawdust. When cooled, it can be stored in 
the condenser at a pressure of about 10 atmospheres. The illu- 
minating power of the gas produced is about 40 or 50 candles, 
but the })ressure causes it to lose 20 per cent, of its lighting 
power. The best and cheapest oil for the purpose is Scotch 
intermediate oil, having a specific gravity of about 0*840, and 
yielding between 80 and 90 cubic feet of gas per gallon of oil. 
The price of the f?as varies according to the cost of the oil, 
fuel, (fee, from 5s. 6d. to 16s. per 1000 cubic feet. The carriages 
on the London Metropolitan and other railways have been for 
some years lighted with compressed Pintsch oil gas, at a cost of 
about Gs. to 7s. per 1000 cubic feet. It is also much used for 
lighting buoys at sea and in rivers, and is burnt in the floating 
lights on the Suez canal. 
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CHAPTER II. 

-WORKING METHOD IN OIL ENGINES- 
CABBURETTED AIR. 



Oil Motors,— Having examined tlie first and second nii^thods 
of applying oil to produce motive power, and considered it I. as 
liquid fuul, and II. as n gas, we now come to the Btiidy of oil 
motors, properly so called. £ven gas engines, though fur more 
handy tlmn steam, are not suitable fur every purpose for which 
motive force is required. For small jKiwers, where st«itin cannot 
he used, liecaiise of the complication uf a trailer, nor gas, when 
there are no gasworks nciir, petroleum engines supply a want, and 
have undoubtedly a great future before them. It is a peculiarity of 
these motors that the fuul is delivered to them diract, so to speak, 
in its original condition. In a Rteam engine the water must firat 
lie evaporated over a furnace ; in u gus motor the working Agent 
roust either be distilled in u retort, or produced in a generator. 
The fuel for a petroleum engine may be purchased anywhere. No 
previous cnuveraion into vtvpour is needed beforo it is delivered 
to the engine, and thxiH the cost of an additional gasifying or 
evaporating apparatus is sitved. An oil engine is self-containpil, 
And indejiendent of any external adjunct, but to turn this advon- 
,^lKge to account the ditHculties of the constructor are somewhat 
ied. Not only must the engine be designed to utilise the 
■orking iiyent, iind I'btiiin mechanical energy from it, but tin- 
'orking iigt-nt must itself be profliieed, and the fuel prepared 
mbuHtion. Thii riilher complicntPS the working of the 
lotor. Kir..'.' '.' iTiiiei .IT... rise the oil, keep the cjuality of the 
imy pn mi niakf it a projter mediuia for the 
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Bpirit, in Class IV. the {ictroleum is pulverised and broken up 
into apraj l)y a aurreat of air, with the addition of heat. 

It must not be supposed, however, that iill nil engines can be 
rigidly clnssed under cither of these two divisions, because of the 
complex nature of petT'oleum, and the different temperaturea nt 
which it evaporutes. In one engine, the Yurrow spirit laimoh, 
nothing is used, with due precautions, but pure nnd rather diui- 
geroHS petroleum spirit or ether. In a few mi)tora, as tbe Priest- 
man and TniHty, the oil is so tliorougbly pulverised and con- 
verted iuto spray {like the liquid fuel on the Russian railways) 
that the whole is evaporated and no residuum left. There are 
also a larse number of oil engines, evaporating more or less of 
the volatile constituents of the petroleum, and with a pro[>or- 
tionally large or small refuse, according to the amount of hent 
applied duiing the process, and the specific gravity of the oil 

There arc two method* of evaporating petroleum, both used to 
prepare it for driving an engine^ — viz., hot and cold distillation. 
We have seen that, the less the specific gravity of the oil, the 
more volatile it is. The higher the temperature to which it in 
exposed, the greater the evaporntion. or the amount of hydro- 
carbons given off. It is ouly the light and highly inflammable 
spirit used in engines of Glass III. which can be evaiKirated from 
petrolotim without the ajiplication of heat. The heavier oila, of 
greater epecitic gravity, must always be heated, not only to 
vaporise the larger portion of their constituents, but to counter- 
act the cold produced by evaporation. 

III. Distillation at ordinary atnios)i]ieric temperatures is pro* 
duced in the following way: — Atmospheric air is passed over light 
hydrocarbon oil (refined petroleum), and a volatile spirit is given 
off in large quantities, impregnating the air in contact with it. 
This carburetted air is equal in lighting and heating properties to 
coal gas, and, mixed with a proper proportion of ordinary air, it in 
sufficiently inflammable to ignite, and to do work in the cylinder 
of an engine by the force of the explosion. Sometimes, instead 
of passing the air over a layer of the oil, a current ia driven 
through substances injpregnated with the volatile spirit. The 
specific gravity of this jjetroleura spirit varies from 0-650 to 
0700, and its tlashing point is generally so low that it cannot be 
used for commercial purposes. Motors in which it is employed 
ought scarcely to be called "nil engines." The working agent 
is simply inflammable petroleum essence, and is perhaps best dis- 
tinguished by the term usually applied to it abroad — "carbur- 
etted air." The ease with which this spirit can be obtained from 
ordinary petroleum by mei-ely passing air over it shows that care 
is necessary. An inllnmniable vapour generated without the 
■polication of heat, will ignite at ordinary temperatures, and 
ot safely he stored, l^early all the early petroleum motors 
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ed thia spirit an the motive power, anri tliis is perhaps 
one reason, why they did not cniue into general use. Owing to 
the indainraable nature of the working agent, a prejudice existed 
against them, which ext<^ndtd to all oil motors, and was not re- 
moved until the Priestnmn engine showed how ordinary oils 
could be utilised in tlie cylinder of a motor without danger. 

Engines driven with carburetted air ore also open to two 
objections from an econnmic poLiit of view, Thn continued 
evaporatii>n of the more volatile portions of the petroleum leaves 
a. heavy useless residuum, diflieult to get rid of. ^s the spirit is 
given oif, the eold produced by eviiporation rapidly reduces tha 
temperature of the oil, and renders it less ready to ]i)irt with the 
lighter constituents. 1'hese essences also carry off with them 
mineral or organic sulistjinces, which when burnt in the cylinder 
leave a thick deposit, and clog tlie working parts. Explosive 
guses therefore, produced by jiassing cold air over petroleum oil, 
are nut suitable for use in u gHS engine. 

These difticulties are partly remedied by another mt-thod of 
obtiiining cai'buretted air for a luotor. The oil ciateni or tiink 
is placed near the cylinder, its temperature is thus raised, and 
the oil is agitated, in order to bring a larger snrface in contact 
with the air. If the oil is slightly heated, not only will evat>ora- 
tion proceed more quickly, but less dangerous oil, having a 
greater sjiecific gravity, can be used. The cost of working is also 
less, because volatile oils, having a speciticgrivity of about 0'650, 
are costly as well as dangerous. Theri' is another advantage in 
]iliicmg the oil tank nnd carburating apparatus near tha engine. 
Air which can be rapidly carburetted by bringing it in contact 
trith petroleumessence, becomes decarburetted with equal facility, 
if exposed to a low temperature or pressure, or couveyed to the 
'^linder in long pipes. To carburnte it therefore close to tlit) 
engine ecnnouiise!4 the heat, and produces a more permanently 
indamniable giis. 

CarburatOPB. — There are many devices for producing car- 
buretted iiir by passing it over petroleum spirit, but with most 
. of them the Ras obtained is only iiaed for lighting. In America 
qiiently niiide in the cellars of a house, as it is wanted 
lestic purposes. The petroleum spirit or gasoline is 
i in underground tanks, and air at ordinnry temperature is 
it throush a i>ipe, and then drawn off and 
iveyiil to the houst; burners. On this small scale there is 
ttln danger in employing csrburetted air, but csrburators above 
rountt as]j|f^be usenl with perfect safety. In most of them the 
Air is forced either by compression or 
rer pctivileum spirit, and becomes im- 
■nee. lu the Lothammm- carburator air 
is pumped into an outer reservoir, 
ir partly tilled with tho carburating 
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liqiiitt. It nrxt [owses at high iireuorr from the c 
■alo ttit>c«, which are carried down into l)i« innpr ntivtf-er below 
tbp \vxc\ of the ttt(iii(L t{ere it ii >lt«cbar;:(sl tliroii^^U rudutisg 
hortzunbtl |ii|><'s, and forced to puts iipvanln, the |>ressure of Ui» 
air linaking u)i the liquid, Uv this prxM-fsa the nir beootne* 
thuritughly iatumtiH] -witli the votaliU (^hsi-qop, and is than 
ttrown off and stort^. M. Lothamrnvr clnitiis to obtMtt » jpu 
which duea nut lone its hrutjng qiiaUtteH, cveu whrn exposed ta 
» t«iupentiirt) a{- 18' C. im IruTinf; the cvibunttur. Dravings 
and a ili^Mription uf ihv I«thaminiT a|)pHratUB will tm found in 
Chauvean. 

In the Mtytr cirbunUor heat is cinployed to cliars;o thp air 
with |>etroletiin «§)»eiic«. The oil ur b>dn>ctirl>uii liquid falb 
dr"|» hy drop into a *iu>tlt huiler, whi^ro it is ovajximtu^ by the 
hmt from a burner below. The oil vapour at m high prrsstm 
next passea throii;;h an injector, where a pi-oper itniporlinn of 
air is di-awn in with it, and the two ai-e thoroughly mixird Ivfm 
tltpy (■nt«r ihe gaM holder. I'rodiicti'>n is automatic, luiil the Ml 
of tli« ganbolder is made to rcgu1at« tho admission of oil to the 
boiler, and thesiznof the tlanie. Tins method is said to prodna 
lurburettcd air of ncaily 10,000 cntories per cubic niptre htwtiif 
value; it is principally used for driving engines. An iugcuiout 
mdhod of carbiirating nir, which does not yet neein tu hare bMO 
ap|>1iiMl in practice, has been proposed by M- Svhrtibi. Hvdti^ 
cai'bon liquid is substitut«d for water in the jacket of a.n cs^w 
cylinder, and is healed to about 80' C. by radiation from ttw 
walls. It then pnsses into a vaporising chaiiiber, through wliidi 
the exhaust gases are driven. The gases coiiipresaL'd into llw 
boiling liquid become charged with hydrogen, cni'bunic oxide, and 
other combustible vai>ours, and return to the cylinder, when 
tbry forni thn fresh charge, and are ignited and oxjianded m 
befoie. 'I'he invontor nflimiB that these gnscs only requira c«fr 
six tern th as much petroleum GHHriict to form an expiontc 
mixtiirf, as ^t'ould be needed if fresh air wero asr-il, and iAmX 
1 litre of gaxolenc ]ier M.I*, is suHicienl to wt>rk his enj>inefnr 
10 hours. Tilt! idea Iioh not appiirenlly betm furtlit-r develoi*^ ' 
There are numerous other carburators, eapccinXly in Frauce, u J 
the Mounier, l'ie|du, &c., hut they are cliietly usf-i] to funitfi ( 
carburetted air for illumination. EaVh oil motor eniploysa bimm 
type of cHrburaior, or method of vaporising Iho oil,* and tbei 
will ho deraibed later, in the accnuut nf the various rnirinea. 

XriiiiBation of Oil.— Professor Unwin is of cpinir,,, that tk» 
three motliods of utilising petroleum, oa fuel uikUm ., Iioiler, « 
oil gas, and to carbtirate air, are none of ihetn t-jijvil.li- of «aj 
wide applitHtion, owing to the expense, the difiicnhi.B r.f tT»»- 
port, and the dungi-r r.f using a hiiilily infliimniahU- iiijuid. TV 
true oil eni;ine of the future is probably of the fourth clM«- 
and comprises motors using and more or less conipletely ■ 
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Uortiting ordinary lighting iirlieary petroleum oil*. Oil eogioes, 
however, are still in their infiincy. If gas engines are younger 
and more modern than steam, and therelbre liave more poasi- 
bilitiea of future development, the same apiiUea in a still -jre-ater 
degree to oil engines. In some respevts a greu(L>r lieut efficiency, 
both in theory and practice, ought to be obt&Lned Irotn oil than 
from gas motors. In the latter the ens must be kept cool till it 
ia introduced into the cylinder, and therefoiv, an it has hitherto 
been found impossible to utilise the exhaust gases, a large pro|>or- 
tion of the heat is wasted. In an oil engine the working agent 
should be at a hi^h temperature from the first. A certain 
amount of heat ia necessary to render the oil 6t for evajwration, 
nnd tliis heat is usually supplied by naaking tho rxhaiist gases 
circulate round the oil tank or vaporiser. Hence more heat is 
utilised, the exhaust gasos are comparatively cool at discharge, 
and a better working cycle should be the result. Hitherto, 
however, in the few trials made on oil engines, the heat ellicieucy 
is found to be about the same as with gas enghies, 

IV. In the fourth method of producing heat from oil — namely, 
by evaporating ordinary petroleum, and tiring it ns in a gas 
engine— the density of the oil used varies from OSliO to 0-840. 
To ignite so heavy a liquid, and utilise the force of tint explo- 
sion to drive :i piston, the oil must be broken up into spray, and 
converted at a high temperature into an iiiflammablu va|iour, 
before it is ailinitted to the cylinder. A blast of compressed air 
is genemlly forced into the petroleum, to divide it up; the 
proceu is soiuHtiiaes assisted by the injection of sti^am, All uil 
engines hiive n vaporUer or hot cham1>er, where the petroleum, 
either liquid or in the form of spray, is converted into 
vapour. Tho vaporiser ia usually hented by a lamp at start- 
,ly, and afterwards by tlie caihaust gases. The air necca- 
kary for combustion is udmittcd and mixed with the chargr' of 
petroleum, after the latt«r hns Itecome vapour by the- ii[ijili>:i 
tion uf heat, air, and stca:n. The mixture in tlicu <1i*:i\wl i:^'<i 
tlie cylinder, aa in a gas engine, by iho suction of tln^ |>L!i[(iii. 
The proeesa of ignition is rather delk-il.-, 1pci-:hihh of tJM in* 
dsjumablo nntum of the n 
in geni-ral electric ignition i 
ing the latter method c 
merely adding a carhurator. A sali- 
aUo necessary, to pi-pvent the llam« fnii 
vaporiser. With these preuaulious ncd 
a flashinj- ]ioiiit of from 26" C '"' ~ 
mechnuiuHl power, as safely a 
been adnpted to any extent for marlBJ 
small power lanncb engines, becauia i 
storing quautities of int1amninhlr< Hquitb^ 
|.i«hip currying light pr.trfitri 
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got rid of the fuel. The apirit being lighter than water, if sent 
overboard, would float on the surface of the wntor as a ahcet of 
flame. Tlie danger would be much leas if heavy petroleum were 

■Vaporisation of Oil, — There are three ways in whidi oil is 
treated, wlji>ii liinployed ns a combustible in tlie cylinder of aa 
CDginp. In thn tirst, it is broken u|> into spray, and thoroughly 
mixed with air, bcCbre it passes into the cylinder, as in the 
Priestmnn engine. In the second, liquid oil is injected into 
compressitd and heated air, and instantly va]K)riseii, as in the 
Hornsby-Akroyd engine. The third method is tu admit the oil 
ill small quantities into a vapurisBr maintained at a very high 
temperature, which acta as a reiort, and converts the oil into 
gas before it reaches the cylinder, as in the Trusty and Capitains 
engines. One or other of these principles is followed in almost 
all oil motors, to render thn petroleum fit for combustion, but a 
<Ii£rerent arraugemeut is adopted in each particular engine, for 
the admission and vaporisation of the working agent or tuel. 

Oil EnginoB,— Thu earliest attemjits to use petroleum to 
produce meclianictd energy were made soon after the introduc- 
tion of giis eiij,'ines. At that time, however, it was considered 
impossible to use ordinary petroleum, of about O'SOO specific 
gravity, beoanse the difficulty of evaporating it was so great. 
To break it up into spray by a blast of air had not been pro- 
posed, Light petroleum spirit or inHnmrnable etber was tUere- 
Ibre employed, and ]irobably retarded the development of the 
oil engine. 

Hook.— About twenty yyiirs ago two engin 
gimultuneously, the Hock in Vienna, and the £ 
In the Hock engine, the patent for which was 
benzoline or volatile hytlrocarbo 
reservoir at the back of the horizi 
of the two-cycle, single-acting, i 

explosion every revolution ; the whole series of operations was 
carried out in one forward and return stroke. On one side of 
the cylinder was a small valve chest containing two valves, one 
for the admission of air, the other for the discharge of tlie exhaust 
gases, both worked by an eccentric from the main shaft. On the 
other side was the igniting apparatus. A little air pump, driven 
from tho crank uhatt. forced a current of air at eAcii stmke into 
A siuall receiver tilled with benzoline. The air became charged 
with benisolinn, and a stream was directed through a nozzle against 
a permanent burner, placed close to an opening at the back of 
the cylinder. The benzoline ignited at the flame, a flapcovering 
the admission valve was lifted by the suction of the in stroke, 
i drawn in, and the mixture in the cylinder ignited. 
h The permanent burner was fed with petroleum spirit from tha 
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The motor piston having paastxl the inuer dead point, the 
aQction of the out ntroke drew a, small quantity of hydrocarbon, 
&t atmospheric pressure, from the reservoir At the back through 
& nozzle into the cylinder. At the same time a flap valve waa 
lifted, and a Bti-eam of air, also at atmospheric pressure, wM 
admitted through another noizle beside it. The two nozzles 
, being set slightly inclined to each other, the air pulverised the 
benzoline, and broke it up into spray. An the charge was too 
rich to use, it was next diluted with a second supply of air from 
the valve chest. When the piston had passed through about 
, h&lf the stroke, ignition took place as already described, the 
I mixture being so arranged, that the richest portion lay nearest 
the ignition flame. The return stroke discharged the products 
of combustion. The centrifugal governor driven from the crank 
shaft acted by regulating the supply of air from the valve chest. 
If the speed was increased, the valve was held open longer, a 
larger quantity of air was admitted, and less benzoline. When 
the speed was reduced, and the balls of the governor fell, less air 
entered, the composition of the charge became richer, and the 
explosions more certain ami stronger. This engine was popular 
for a time, but it was not permanently successful, on account of 
the inflammable nature of the petroleum spirit used. Drawings 
are given in Schottler'a book. 

Brayton. — The engine patented hy Brayton in 1872, and first 
constructed at Exeter, United States, was introduced into England 
about ltj76. It was a better and more practical motor than the 
Hock, because the oil used was of greater density, higher flushing 
point, and less inflammable. Brayton was the Srst to employ 
ordinary heavy jietroleum and kerosene, boiling at about 1^0 C., 
in the cylinder of an engine, instead of light spirit or essence. 
His engine, called the " Ready Motor," was also the first, and 
till now the only engine of any note, to embody the principle of 
combustion at constant pressure, instead of at constant voluma. 
It was originally worked with gas, and was first brought out in 
America ; the English patent was acquired by Messrs. Simon of 
Nottingham, who introduced it into this country in 1878 (sea 
"i view of the Brayton-Simon engine is given at Fig. 11, 
e of gas and air was ignited before its admission into 
ler, entered in a state of flame, and drove the piston 
iri" -•-" 'n ' pressure, a steady combustion being 
!i > oue'third of the forward stroke, 
e of the gas, in spite of the gauze 
^^e pump cylinder, was apt to 
' ' ' 3 substi- 
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tli« Hock WAS that both the iiir uid the oil we 

high pressOTv, into the motor cylinder from two paisp* 

from the nuuD rriI th? auxilUry Bhaft& The praasars of dt 

iqjpotioD pulvcruicd tl>e petroleum, *nd th« air b«G&me thonn^iij 

inprvgnated. In all oil engines hirherto coBstfncted, the vmtil 

tight {letivWnis spirit otaite it unnecessanr to spmj tiie oO. Iki 



^prtem of hrmking it np br forcitig a blast of air into H 
poanble tlw uw of hearjr petroIeoiB oil. Brajton waa 
Qm i>T«BUir of the first safe and pntctieal oil «wgiiig, and te dil' 



mVTCt his BOtor waa th« foavranner of tl>e 
B«aiC(*ti«tu of it wvre brought o«t, 
Twtioal, anil one doable-acting Irpe is 
Wita. 

As shown at the I^ris Kthibitkm of 1S78, tbe Bcmyvoa 
««■ rerticnl and ain^ nclii^ raf Hii^ tJhe fliMiia ai V^U 
p, a, except thmt the cnnk and ditfnhMtiag cbft ue ' 
Tbere la an iaipdM ««H7 revotntae*. 

I coauraaor, 

r ctau b; » 
■iliifllii iwiiiliiMiiln.hil Ihi Jinli iirifci 
khnlftkatof ihoMtorpiMn. Am* tke p«^ ^rt dTHv 












e cylinder in a sheet of flame. There is no explosion, the pres- 
sure of combustion of the charjie being autticicnt to ilrive aut the 
piston. Thus, us in later oil engines, air is twice applied, first 
to breiik up the petroleum and convert it into spray, and then to 
dilute it ill the same way as the ehnrge in a gas engine. When 
the piston has passed through one-third of its stroke, the vaJve 
T closes, shutting off communication with the outer air, and the 
ignited vapour is exjnmded through the remaining; two-thirds of 
the stroke. During the return the products of combustion are 
dischargeiJ. As the dia- 
gram sshow.thepressure 
in the Bniyton engine is 
not high, and expansion 
is prolonged. Mean- 
while the two ptimps 
have injected a fresh 
■charge of compressed 
Air and petroleum into 
B, and by the time the 
piston has completed 
the in stroke,and before 
the valve V rises, the 
porous material filling 
the cham ber is sat urated 
with pulverised petro- 
leum, re&djto becarried 
into the cylinder at the 
next admission of air. 
To start the engine, 
petroleum is pumped 
in by hand, and com- 
pressed air admitted 
from the resei-voir, and 
when the carburator b full of oil vapour, the little plug at U 
is withdrawn, and a lighted match applied; the mixture ignites, 
ft And the jiiston begins to work. 

~ie Braytou engine is constructed on the same principle as the 

y safety lamp, tinmely, that of preventing boick ignition by 

* ' e gauie, or perforated metal plates. It was found 

' |>etroleum was used, the Hitme did not shoot 

ill comprt'ssed gas, accidents were of frequent 

ibustion in the chamber C is maintained con- 

npKU«d air injected at P, and the engine is said 

Bfll. iwlrniiiH ri'in iritv. The change introduced by 

it^u-y petroleum is, under certain 

' as lighting gas, hut »3 used by 

i^f, Tlif ;!*'tn!lfiim vapour 

■hr ]y.:^ ._-.■■, ]' -rt^, ic., and 




!rayt*in Carbiimlor. 
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the engioe required frequent cleaning. Some of the deposit 
helped, it was ^aid, to lubricate the eaginc. 

Trial8.^A careful trial of a 5 H.P. American Brayton 
petroleum engine was made at Glasgow bj Mr. Dugalil Clerk in 
1878. The mean pressure was 30*2 lbs. jier square inch, dia- 
meter of cylinder 8 inches, length of stroke 12 inches. The 
engine made :201 revolutions per minute, and the consumption 
of petroleum was 2'16 lbs. per I.H.P. per hour. Much of the 
total power developed was absorbed in driving the air and petti>- 
lenm pumps, or in other words there was a good deal of friction. 
During the trial the engine indicated 1)'5 H.P. in the motor 
cylinder. Of this the pump 
absorbed 41 H.P,, Uiere- 
fore the available H.P. wag 
only 5-4. Only 6 per cent. 
J of the total heat generated 
was utilised. The results 
show a much lower effi- 
ciency than might have been expected, owing to faulty con- 
struction. Fig. 106 gives a diagram taken irom the motor 
cylinder during the trial, in which the prolonged expansion 
obtained with ignition at constant pressure ia noticeable. 

Spiel.— Both tlie two motors described above were brought 
put before the Bucceas of the Otto engine had fully established 
the superiority of the four-cycle tvpe. In the next oil engine, 
patented by Spiel, and made in England by Messrs. Shirlaw 4 Co., 
Birmingham, the Beau de Rochas four-cycle is introduced, and the 
engine resembles the Otto in many respects. It has the drawback 
of using inflammable petroleum spirit of O'TOO or O'TSO specifio 
gravity, instead of the safer heavy petroleum. Being easily 
volatiUsed, this spirit does not require so complicated a process 
to convert it into spray as in engines employing oil of greater 
density, and the method of introducing it in the Spiel is simple. 
The engine is horizontal and single-acting, standing on a solid 
base, with the reservoir of oil above. The organs of admission, 
distribution, and exhaust are worked from an auxiliary shaft, 
geared from the main shatt in the usual way. The exhaust is 
opened, as in the Otto, by a cam and levers from this shaft, and 
ignition is by a flame carried in a slide valve, working at the 
back of the cylinder ; the Spiel is probably the only oil engine 
firing the charge in this way. A portion of the compressed 
charge of oil and air in the cylinder passes through a grooved 
passuge to a. chamber in the slide valvo which, as the slide ia 
-ed by a cam on the auxiliary shaft, is brought opposite a 
permanent flame in the valve cover, and fired. A spring effects 
the return movement of the slide valve, when released by the 
cam, and the lighted mixture is brought in line with the cylinder 
when the remainder of the charge is fired The pressures 
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of the charge in the cylinder, RUil of the flame in the ignition port 
are equalised, aa in the Ottu engine, by meuns of a small passage 
connecting them. 

The benioline is drawn from the reservoir and injected into 
the cylinder by a gqiuII pump, the piston of which is worked 
by a cum, lever, and spring from the auxiliary shaft. The air- 
admission Talf e IB also in connection with a crossbead attached 
to this pump. At the bottom of the pump ia a double-seated 
horizontal lift valve, usually held open by a spring, in which 
position it communicates freely with the oil reservoir above. 
When the plunger pump is driven down, carrying with it the 
crosshead, the air valve ia first lifted, and air enters a mixing 
chamber at the bock of the cylinder. As the piston continues 
to descend, the horizontal valve is closed, and a passage opened 
from the pump into the mixing chamber. The pump sends a 
jet of petroleum spirit into the air, and in its passage it is 
broken into spray by striking against a projection. Thus the 
out (admission) stroke of the motor piston sucks into the cylin- 
der a stream of air mixed with petroleum spray. The engine 
has a ball governor which, if the speed bo too great, interposes 
a small projection between the valve-rod of the pump and the 
levers working it. The two become locked and cannot move, 
and the valve remains open, admitting nir only to the cylinder, 
until the projection falls back, and the speed is reduced. 

Drawings of this engine are given by Robinson and Schiittler. 
Fig. 107 shows an indicator diagram of a Spiel oil engine when 
mflking 180 revolutions a minute. The consumption of oil, when 
this diagram was taken, was about I pint per B.H.P. per hoar. 
In another U BH.P. 
Spiel engine having a 
cylinder diameter of 9^ 
inches, with 18 inches 
stroke, and making 160 
revolutions per minute, 
the consumption of 
naphtha wasU-81 lb. per 
B.H.P.perhour,andthe 
cost of working Sid. 
per B.H.P. per hour. 
The specific gravity of the oil used was about 0'72r). It is con- 
tended by the English makerx of the Spiel engine that, in spite 
[ of thu dJlficnlties of storing and transporting naphtha, owing to 
I Its {oflammable nature, it is greatly superior to heavy oils for 
KTtfftdtielng motive po\vcr, Sriinc interesting experiments were 

" ■ ■** " I"' "'■■- '■unuing at over 500 revolutions 

r- Kochaa cycle, comprising the 
iion, explosion plus expansion, 
times in a second. In another 
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experiment it was found possible, with &n initial pressure of 
over 300 lbs. per square iucfa, to remove tbe ignition flame, and 
obtain regular spontaneous combustion of tiie charge. Some 
hundreds of these engines are said to be at work. 

Bismeiifi. — No account of internal combustion engines would 
be complete, without a mention of the motors designed and 
])atentetl by Sir William Siemens. In 1860 he first devoted hia 
attention to tlie subject, aud from that time till 1681 he brought 
forward various engines, all intended to illustrate tbe principle 
of utilising the waste heat of the exhaust gases, by passing them 
through a regenerator before discharge. The incoming mix- 
ture entered the cylinder through the same regenerator. This 
idea of a regenerator in heat motors originated with Dr. Robert 
Stirling, a Scotch minister, in 182T, but it has hitherto been 
found impossible to apply it in practice, except in the case of hcit 
air engines, though in metallurgy and other manufactures it is 
largely used. 

Sir William Siemens made many alterations and improvementB 
in the heat engines he designed. In one he projjosed to add a 
gas generator, producing water gas by the passage of steam and 
hot air under pressure through incandescent fuel. The gaa 
thus made wbb pumped into a reservoir, and from thence into 
four cylinders, each serving to charge the next thi'ough a regen- 
erator formed of layers of metallic gauze. As the gas entered each 
cylinder it was ignited, and the burning gases expanded at con- 
stant pressure. This engine was not worked ; difficulties would 
donbtless have arisen in practice frum the impossibility of pro- 
ducing water gas continuously, and the inventor afterwarila 
turned his attention with more success to the generation of this 
gas for metallurgy. From 1846 to 1881 Sir W. Siemens took 
out a series of patents for internally fired engines. The last, 
shown at Fig. 108, designed not long before his death, exhibits 
hia matured views on the subject. Strictly speaking, it is neither 
a gas nor an oil engine, but both combined, the gas used as the 
working agent being mixed with light petroleum spirit, to make 
it ignite more readily. The engine which, like the Brayton, 
exhibits the principle of combustion at constant pressure, stands 
really in a separate class as a "regenerative" engine, and al- 
though never worked, it is valuable aa indicating possibly on 
what lines the beat engine of the future may be improved. 

Sieoieas* BegeneratlTe Engine. — Fit;. 106 shows a sectional 
elevation of the Siemens' Eegenerative Engine. There are two 
motor cylinders, A and A,, working vertically through the con- 
aeoting-roda and G,, upon the crank shaft K at an angle of 
.part. The pistons are solid, and lined on their upper face 
with fire-clay, to protect them from the heat. The cylinders are 
practically divided into two parts. The lower in each has a 
water cooling jacket, W, the upper part is lined with fire-clay, 
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or other non-conducting material. The differential pistons com- 
press the mixture on one fiLce during the down stroke, while the 
explosive gases are expanded on the other. At the top of each 
cylinder are the regenerators R and R,, consisting of thin sheets 
of metallic gauze. All the valves for admission, distribution, 
and exhaust are contained in a revolving cylindrical valve F, 
worked from the crank shaft by equal bevel wheels O. The 
exhaust £ is at the top, above the revolving valve, through 
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untl Dome of their surplus heat is stored up in it Aa tho freah 
cliftfge enters, drawn in by the vacuum produced by the expulsion 
of tlio exhaust gases, liglit hylrocarbon oil is dropped on to it 
from tho oil tank O above. Part of the uiixture of oil, lighting 
gu und air, heated already by contact with the regenerator, is 
firod by an electric spark within the cylinder, the dynaruo of 
which is driven from the main shaft. Tlie remainder of tlie charge 
i» immediately kindled, and Hows forward aa Same into the 
cylinder, the flame being prevented from spreading back into 
tho reservoir by the gauze diaphragm of the regenerator. The 
pUton is driven down by the expansioo of the gases, and com- 
pressfts below it a fresh charge into the reservoir; during the 
up stroke the cylindrical valve opens communication with the 
exhaust. The differential pistons are deep, and the parts in 
contact with the cylinder wails touch only the cooler jacketed 
portion. 

Two ingeaious and economical idea^ are embodied in this 
engine. Some of the heat of combustion is stored in the re- 
generator, and imparted to the fresh charge, and inflammable oil 
is used to mis with the gas, and render it eaaier to ignite. 
Neither of these innovations has hitherto been applied to any 
extent in practice to gas or oil engines. This regenerative engine 
of 1881, however, may Ite considered as illustrating Sir William 
Siemens' latest ideas upon heat motors. It exhibits the outcome 
of the mature study of a man of scientitic genius, and the direc- 
tinn in which he thought the problem of heat engine elfieienoy 
nhiiuld be solved. 



CHAPTER III. 

THE PRIESTMAN OIL ENGINE AND YARROW 
SPIRIT LAUNCH. 

Contents.— Requisites of Oil Engines — Tiie I'rieetnian - Spray Maker 
— Vaporiser — Governor — AppUcatiooa — Triala — I'etrolcum Spirit — 
Evaporative Power— Zephyr Spirit Launch. 

Ic Otto can claim the honour of having made the gas engine a 
practical working success, alter the ellbrts of Lenoir, Uugon, 
and others, the same credit belongs to Messrs, Priestman as 
regards oil engines. Long before the introduction of their 
motor into this country, oil engines liad been designed and 
'worked, but there was a prejudice against them, because of 
the inflammable petroleum spirit with which they were chiefly 
driven. The Brayton, the only engine naing non-explosive petro- 
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leum, Iiad never become popular, owing probably to the imper- 
fectiona in its cycle, its extravagant consumption of oil, and low 
mechanical efficiency. Whatever the cause, oil engines were 
scarcely known or used until the appearance of tlie Priestman 
in 1888. About this time Messrs. Priestman acquired Ettve'a 
patent, and their oil motor was introduced at the Nottingham 
Agricultural Show in the same year. 

RequiBitea of Oil Engines. — In any engine iolended to 
supply the deficiencies, and remedy tbo drawbacks of gaa or 
Bteain. the following points must be considered. It should be — 
I. Self-contained and quite independent, having everything requi- 
site for its efficient working for a certain length of time. 1 1. Safe 
and simple, using as the working agent a combustible which is 
neither difficult to procure, nor dangerous to transport. III. 
Easy to handle, ho that any ordinary unskilled workman can 
drive it. This is advisable, because these engines are frequently 
placed in the hands of labourers without any knowledge of 
niacliinery. IV. Compact, and easily transported from place to 
place. V. Economical in working. 

These conditions are found in the Priestman engine, which is 
well adapted for all kinds of industrial operations requiring 
small powers. In many country places where gas cannot be 
procured, and abroad where coal is scarce and dear, it has pro- 
mbly a great future before it, because it uses only common 
petroleum, which can be had everywhere. Coat is generally 
required in gas and steam engines, and in many countries it is 
ohtftined with difficulty. The store of pt'troleum is practieally 
unlimited, and fresh sources are continually being opened up in 
diSerent countries, 

Priestman. — ^This oil engine uses almost any kind of heavy 

petroleum, but it is nnt suitable for light volatile spirit It 

works best with common petroleum, having a specific gravity 

of 0-SOO, and fiashing point 100' F., but it may iilao be driven 

with heavy Scotch paraffin, of 0*820 specilic gravity, and flashing 

point 160° F. Even common creosote of still lower density is 

available, but there are practical difficulties in the way of using 

it. Of course, the heavier the oil the tlijcker will be the 

residuum, and the more carbon is deposited insiilc the engine, 

the oftener it must be cleaned. Nor can these very heavy oils 

1 be properly treated in an engine cylinder, by raising the tem- 

k perature. If the oil is too much heated, it is converted into oil 

~;as instead of vaporised spray, and tarry deposits accumulate 

n the working parts. The proper temperature of the charge of 

■oil vapO'tr and iiir on entering the cylinder has been detennined 

Ll>y experiments at from 170" to 300° F., according to ihe size of 

<tine. Tbo proportions are 191 cubic feet of air to -015 cubic 

•foil vapour for a 1 H.P. engine. 

*"9 gives an elevation, and Fig. 110 a seclional view of 



Ult ENGINES. 




the cylinder, water jacket, and valves of the Priestman oil engine. 
I n-*!, drawings, as well aa several of the following details, are 




Fig. no.— Prieitniui Oil Engiiie. 

buck of tbe cylinder erp. two tbIvcs, inlet and exhaust, as show n 
in the drawing. Fig. 1 1 0. The exhaust is worked by an eccentric, 
;b, on the auxiliary shaft, R, Fig. 109, revolving at half the speeil 
of the cranli elinft, to which it is geared by wheels in the uauul 
proportion. In the Friestiunn, as in most other oil engines, 
ordinary lift valves &re used, of a simple type. Unless almost 
perfect combustion is ohtiiincd, there is much more deposit than 
in gas engines. The simpler the valves, the less liable tliey are 
to become clogged. 

Spray Uakgr. — Thti most important parts of the engine are 
the vaporiser and spray maker, shown below the cylinder 
(Fig. lO'J). The oil tank in Fig. 109 is under tha crank shaft, 
and when full, is sufficient to lant for two or three days. A gJBHB 
gauge shows ihe level of oil. A Bmall air pump, J, is vorkeil by 
the eccentric it, which abo driven the exhaust valve. The air 
to supply this pump is filtered through gauze and cotton wool, 
and is then compressed into the oil tank at a pressure of 8 to 
16 lbs. per square itieh above utniosphere. This |>reaaure forces 
two stresniB ol oil and air at a and i into the spray maker S, 
, from whence they are injected into the vaporiser V, The oil 
s drawn from the bottom of the tank, the compressed air from 

1 top, above the level of the oil, und both pass out through a 
cock, r. When this cock in set upright, the supply of 
"the spray mnker is cutoff; when the cock is turned 
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to the right they are admitted, and when set to the left tiay 
pass to a small lamp, L, below the vaporiser, used to he»t It 
vhcn starting the engine. 

The spray maker is one of the most ingenious parta of the 
motor The oil and air from a and 6 are injected into the 
vaponser through two concentric noizles, as seen at Fig. III. 
The pulvenaatioD of the oil and its complete mixture with th* 
air depend on the shape of the noixlas, 
and their exact form has only lieen cleter- 
nined after nunieroiiR experiments bj 
Measrs Priestman. f*ig. Ill shows the 
latest type. The oil passes throngh the 
central tube in h small streaio, and an 
1 ing ejected from the mouth of the 
I zzle, spreadH out in a fan shape. The 
at r ular air nozzle surrounds the centr»l 
il orifice, and the air ia turned back 
th considerable force to meet the 
g oil at more than a right an^e, 
'suit being tliat both are violently 
3 out in a spray as fine as is re- 
quired. Fig. 1 12 shows the spray maker 
lit its entry into the vaporiaer, the method 
of regulating the sujiply hy the governor, 
Ir neceasary for the dilution of the charge. 
r from the spray maker enter at the pressure of tiie 
At the a.ime time the in stroke of the motor pietOD 
'. Q, and draws into the vaporiser > 
supply of air from out«i<fe 
through the throttle volw 
F. This auxiliary cha^ 
enters round the oil and 
air admitted fromthespt*; 
maker, and passes throojli 
a number of fine holes, J 
d, in the circular air p«f- 
age of the vaporiser b *, 
and II filtering layer at 
cotton wool. The sudden 
inrush of fresh air sweep 
forward the oil and air 
with it into the cylinder. 
VaporiB«r. —The v^kt 
iaer is divided into tin 
parts. In the first 
and compressed air are mixed witli, and tiroken up 
air admitted through F ; in the second the charge 
pletely vaporised by the heut from the exhaust j 
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and of admitting the 
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at a tempeiatare of about COO" F., are led through pipe H, Fig. 
109, round the vaporising chftniber, before being allowuJ to 
escape into the atmoaphere. Tliua there are two admiaaicms of 
air — one to the spray maker under pressure from the oil tank, 
the second at atmoapheric pressure to the vaporiser through F. 
In each case the oil is sprayed, and is thus twice pulverised 
before its actual vaporisation by heat begins. Unless the heat 
from the vaporiser were also apjilied to the oil spray, it would 
condense and sejiarate from the air, before reaching the cylinder. 
The vaporiser is contained in the frame of the engine, under 
the cylinder, as seen at Fig. 109. 

Govoraor. — The speed of the engine is regulated by means of 
the spindle S above the throttle valve. It contains a small V- 
shaped opening at/, through which the oil is admitted from the 
tank to the spray maker, and the wing of the valve F is keyed 
to the lower part of the same spindle. The size of the sharp 
end of the V, which is presented to the passage of ihe oil, can 
be exactly regulated to admit a giveo' quantity. If the speed 
is too great, the centrifugal governor, which is coonected to the 
spindle by levers, drives it down, and partly contracts the 
opening J adoiittiog the oil from the tank. At the same time 
it acts upon the throttle valve, and reduces the quantity of outer 
nir passing to the vaporiser. Thus the governor acts by dimin- 
ishing the strength of the explosions, not by cutuug them out 
altogethei-, and the proportions of oil and air are always tlie 
same per stroke. As no explosiona are ever missed, the engine 
works with great regularity. 

The charge, after being thus converted into spray and com- 
pletely volatilised, passes through the automatic admission valve 
II, Fig. 110, to the back of the cylinder. Here the usual series 
of operations carried out in internal combustion engines of the 
four-cycle type, takes place. The first out stroke draws in the 
air through the throttle valve F; the charge is then mixed in 
the vaporiser, passes through into the cylinder, and the next 
back stroke compresses it into the space C. As the inner dead 
point is reached, the mixture is fired by the electric spark, the 
explosion drives out ihe piston, and during the next back stroke, 
the exhaust gases are discharged through the 
the eccentric, into the jacket round the vaporiser, und t 
the atmosphere. 

IgnitiOD. — The electric spark for firing the charg 
in a battery sliown to the left in Fig. 109. Man; o 
this method of ignition, and its advantages OTtrl 
are, in this chiaa of motor, very grcut. ThB I 
powerful, ignition more certain, and it i 
there is no risk of previous explosion. Since tl 
be a certain ftmuunt of inflammable oil vapour g 
working heat of the engine, premature i 
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with otiiar methods ; with electricitjr there is no such danger. 
In the PrieBtiiian engine the eleotric spark is pn>duced in tli< 
igniting plug i, inaide the compression space, Fig. 110. T»i> 
piatiuum wims are coDducted from the battery to this plug, 
wlifre they are insulated in porcelain tuties; contact is esUb- 
lisht^d at the right moment bj a projectioa on the eocentric rod, 
ttiid nn intermittent Epnrk is produced. 

The shaft R driving eccentric it has three functions to perforoi. 
It causes the electric ignition of the chitrge; it works tLe tbItt 
e to open the exhaust, and it drives the small air pump J, tliraugh 
which the oil and air are sent From the tank to the spray nuitf. 
A small hand pump, neen in Fig. 109 at k, is used to pump air 
into the oil tank, Itefore the engine is at work. To start, all 
that is necessary is to work the bundle of the pump, an*! to turn 
the six-way cock, thst a supply of oil from the tank kculj rmA 
the lamp L below the vaporiser. When tb« lamp is lit, a fe» 
tarns b^ hand are given t-o the flywheel, to dra-w a charn tola 
the cylinder, the electric current is switched on, and the «DgiDe 
1>egins to work. The oil tank and vaporiser are eitsily oooeaiiUt 
through the opening in the frame. 

Although the pressure with petroleum vnpour rises morwnqiidlj 
than with gas, the curve of pressures, shown by th« iodicaUV 
diagram of the Prieatman engine, does not rise as high as ia gu 
motors, owing partly to Uip larger compresston space. Oneof tb* 
advantages of the engine is that it requires no lubrication. A 
smull jtortion of the oil is condensed during the couiprvsaian 
stroke, and deposited upon the inner surfaces of the cyhndar. 
This oil is never burnt, but forms a layer of grease, and efferto- 
ally lubricates the engine, no other oiling to the cylinder beine 
needed. As the fuel used is heavy mineral oil, it is not inflin 
mable. Some interesting experiments to prove this have Imd 
made by Professor Robinson, who exhibited an engine hefora thf 
Society of Arts in May, 1891, in which the air was shut off fron 
the vaporiser, anil oil injected alone. A lighted mateli held to 
this nil jet would not ignite, but it was readily fired as sooo 
as the air was ngnin admitte:!, to divide and break it op. 

Applications. — Although only brought out in 1688l the 
Friestnian engine has already been applied to many porpCBM 
The first portable oil engine of 6 H, P. was exhibited at th« 
Jubilee Meeting of the Agricultural Society in 1889, In this 
and similar engine.i, the motor ia made complete in itself by iIh 
addition of a tank, the water from which is circulated in th« 
cylinder jacket by a pump, driven by an ecwntric on tha sanw 
shaft as the exhaust valve eccentric As a portable locotaoti**! 
engine to replace steam, the Priestman has aWadv been fbu'^ 
of great value. The small bulk of oil and its great heating T 
make it suitable for marine work, when the danger of Bf 
is minimised by using heavy oil. A vertical double ( 
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5 H.P. engine of thia type has been fitted up on bonrd a aleain 
launch. It runs at '2'>0 revolutions a minute, haa a cylinder 
diameter of 7 inches, with 7 inch stroke. The construction anil 
working are similar to those of the horizontal single cylinder 
motor already described, except that with two cylinders an explo- 
aion every revolution is obtained. The engine can be reversed 
or stopped by a Land wheel acting on the main driving shaft, 
and is very easily worked. Hitherto these and other types of 
Priestman engines have only been made for small powers, but 
larger sizes will no doubt be produced in time. They are also 
UB^ as motive power for barges, of which there are two on the 
Manchester Ship Canal, driven by a 10 H.P. Priestman oil engine. 
The fog signals on the Point of Ayr Hnd Corsewall lighthouse 
stations are worked by three 5 H.P. engines, compressing the air 
to 40 lbs. per square inch. Each engine uses 6 pints of oil per 
hour. Another installation is at O.tb in Norway, where an 
11 H.P. engine compresses air to 60 lbs. per square inch. The 
oil used is of 0-82 density, and the consumption 11 lbs. per hour. 
TrittlB.— Several excellent trials have already been made on 
this engine, chiefly by Professor Vnwin. In 1889 he tested at 
the Agricultural Show at Plymouth a 5 H.P. horizontal Priest- 
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density 0'S2*2, fltishin;; point S6* P., and calorimetrio ««ln« tai«a 
at 19,500 B.T.U. p«r lb. Fig. 113 gives a diagnun taken <iima« 
the trials with Rusaiao oil. In trials at full poorer the fulloving 
results were obtained ; — 



BWCLTS 


PuBTXAS EsmsK, 


H.P. 




KuuofOI]. 




^ "'"' 


LHJ. 


■gssss 




■Si. 


Anun-ioan ■' Day- 
light." . ' 
Raitiui, . . 


2M 


63 20 7-72 
41 '3B 6-76 


9'3« 
7 ■40 


0-82 
0-91 


0-84 
0-H 


0« 



I 



The Lent expenditure was as follows: — Heat utilise. I6'li 
per cent.; CHrried away in jacket water, 47'S4 per ceaL; in 
exhaust gases, 2()'T2 per cent.; lost by radiation and nnaceotitibMl 
for, 9'61 per cent. The engine was examined at the cod of tb 
trials, ana found to be jieriectly clean and free from smoke or 
deposit, and the points of the electric wires were not coat^'d whk 

Another trial was carried out on a 5 H.P. Priestmui tnaaa 
by Professor Unwin at Hull in December, 1891. The suda gill 
were used as l>efore ^namely, Russoleue and Aiiierioui D^ 
light— and tests wi-re iiiude, oa in the other trials, with u) 
engine nuinlng at full power, half power, and li^bt. Th« triA 
with full load lasted nearly three hours. With Russuu odl lU 
mean speed was 208 revolutions per minute, mean pnmut 
41-38 lbs. per square inch, B.H.P. e-TO. T.U.P. 7-40, and Ol 
mechanical efficiency 091. The consumption of oU iras O-filtk 
per BH.P., and 080 lb. per I.H.P. per hour. Witfc " 
American oil slightly higher results were obtained. 
these experiments will be found in the table at p, 

trials at full and half power were made on a ._ 

4J nom. Priestnian engine, by Professor Unwin and Mr. 
at the Plymouth Agricultural Show in 1890. They 
little from those already given, except that Broxl 
bouse oil was used, of 0810 density, and having a 
of about 19,000 T.U. per lb. In the full power trial, 
indicated 5-24 H.P., B.H.P. 4-49, cylinder 8-5 
12 inch stroke. The mean pressure was 33-96 Iba. 
inch, consumption of oil 1-06 lb. per I.H.P. and 
B.H.P. per hour. In all these trials the amount of 
plied, and the different items of heat expenditure were ™ 
noted. Full particulars will be found in Profeaaor Vi 
paper already quoted. 

Another trial was carried out in 1890 by Mr. W. T. Doa^M 
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5 H.P, double-cylinder Prieatmftn engine, driving an 
electric jjliint. Tlie B.H.P, was 35-5, und the oil consumed per 
B.H.P. per hour OOS pint. The progressive decreaae in the oil 
0011 sumption per H.P. in theae engines, as shown yearly at the 
Eoyal Agrieultural Society's meetings, is Htriking. In 1888 
■■73 lb. of oil was required per BH-P. per hour, in 1889 
■42 lb. At Plymouth the couaiimption wiis 1-24 lb., and in 
the latest trials by Professor Unwin in 1891 0-94 lb. per B.H.P. 
per hour. These results obtained at Agrionltural Shows are 
latisfactory, because the advantage of tliis motor is chiefly aa 
an agricultural portable engine, in fields and other places where 
jas and steam are not available. 

Amerioaa Type. — The engine bus )>een taken up by a firm 
in America, where oil is very cheap, and there is a great demand 
fer machinery for light work and electric illumination. The 
^pe there made resembles the straight line steam engine of 
Professor Sweet. Professor E. Thompson of America usea pure 
r igniter eleclroiles, in lieu of platinum, as in the English 
engines. He considers them better, and the wires do not 
get blackened or coated. These silver contacts have been at 
work for several weeks without cleaoing. Hia oil engine is 
■tarted with gas, which is more convenient than oil for the lamp, 
«nd it runs at about tiOO revolutions per minute. Another 
I American authority using the Priestman engine had trouble 
with the internal passages and back of the cylinder, which 
became choked with soot, until pure air, instead of air not 
filtered, was admitted. The engine in this case was useil for 
pumping water from a mine. 

Up to the present time Messrs. Priestman make their engijinea 

in 10 sizes, 1 to 25 H.P. ; a 5 H.P. nominal has a cylinder 

diiimeter of 8 J inches, with 12-inch stroke. The two largest 

sizes of the horizontal types are with double cylinders only, the 

others are single cylinder engines. These are chiefly for land 

motors. The engines run at from 220 revolutions for smaller 

sizes down to 160 revolations for larger. The marine type of 

engine is made vertical, in four sizes and with dcuM.' cylinders, 

L from 2 to 2.'i nominal H.P., and ^CIl^ •■ '-'i' i 

I fcions. For portable engines, 3 wri;.. at' 

Ifrom 5 10 11 nominal H.P, ninn.ii, vol 

' per minute. Messrs. Prirstmnn h:i ictei 

400 lo 5(jO engines. 

Zephyr Spirit Launch. — 'lUr Vurr*-« "itiihyr" npirit 
standn in a dijTerent cnl.-^on 
I IB the only motor u>iiij puiv 
density <>( " ''''. -.' 
Mteam. BometimcH ili 



liwtiv 



power, 
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pressure for & (jiven temperature than steam, as shown by Professor 
Robinson's te^s. At a temperature of 155° F. it has a pressure 
of 10 lbs. per square inch. At 212" F. (the t«mperature of boiling 
water) its pressure is 40 lbs. per square inch, while at 300° F., 
with steam eqnal to 50 lbs. pressure per square inch, petroleum 
spirit has a pressure of about 1 15 lbs. It is easily evaporated, 
and may be cooled without condensing to a temperature of 130° F. 

with petroleum spirit than with steam, and since efficiency 
depends theoretically upon this range, more work should I^ 
obtained under similar conditions. 

The following table exhibits the results of test^ undertaken by 
Uessrs. Yarrow, to determine the i-elative power of steam and of 
jetroleum spirit, when evaporated in a boiler. The fuel used 
inder the boiler in both cases was gas, the consumption of 
which was measured by a meter. 

TASI.E OF CoKr^BATlVB Wo&ElIiG RESULTS OF StKJJI iMfi 

Pbtkolil-m Spirit. 


1 




K-STt^ 


K.1SS- 




Ou oonBiimptioii in cuUc feet per honr, . 
Mean preaore of >pirit in coil libs, per iq. inch), 

„ preraure in boiler (lb..), 

Tauion on bmke in lbs 

Work obuined on brake in ft.-lbs. par minnte. 
Work in ojlinder .. „ „ 


82-20 

312^ 
37-99 
1-154 
2524 
5109 


83-48 

65-80 
552-2 

30-07 
1-222 

4722 
IW5 


1 

1 


Evaporation of Petroleum Spirit.— As petroleum spirit eva 
■orates at a lower temperature Cli.in steam, less heat is put into 
t to raise it to the same pressure ; in other words, if the same 
amount of heat be a[>plied to it as to steam, a much higher pres 
ure and more work are produced. But as less heat is requirec 
o evaporate it, less heat is withdrawn in the exhaust; the 
[uantities of heat both imparted and abstracted are smaller 

3ressure nine times as much spirit as water will be evapomtet 
>y the same amount of heat, but the spirit being very volatile, 
t does not increase as much in volume, and only expands to 
ne-fifth the volume of steam. As a working agent petroleum 
apour turns more heat to account than steam ; the one serious 
rawbacb is its inflammable nature, and difficulty of storage. 
Zephyr Itaunch. — In the "Zephyr" launch, the spirit is 
ntroduced into a spiral coil enclose«l within a casing of noa- 
onducting material, called the vapour generator, to which heat 
s applied. In its passage through the coil the spirit is evaporated, 
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and passing into the cylinder drives tlie piston forward by its 
pressure. The exhaust products nre discharged by the action of 
the engine into two cooling pipes, where they are liquefied and 
forced iiack to the supply tank, an air-tight copper vessel in the 
bow of the ship. Thus the same spirit is used over nod over 
Again, with very little waste, and tlie working principle and 
action are similar to those of a surface condensing steiim engine. 
The risk of explosion from the inflammable spirit is also greatly 
reduced, since it passes through a complete closed cycle of opera- 
tions, and is never brought in contact with the external air. The 
danger is also avoided of storing a, largo quantity of petroleum 
spirit ; n small amount is sulScient, if used continuously in this 
way, to produce power for many hours. A small "Zephyr" 
launch, 3G feet by 6, runniog at a miles an hour, can carry funl 
enough for 200 milea. The action of the engine ia first utilised 
as a pump, to force the spirit from the tank to the va|>orising 
coil, and then to drive the exhaust vapour back to the tank. 

The process of beating the spirit, or generating the vapour in 
the copper coil, presents greater difficulties. There are two ways 
of obtAining this heat. The simplest method is to use part of 
the petroleum spirit as fuel, as well as working agent. Some- 
times it is allowed to pass through a valve to a ring gas burner 
under the coil, ignited in the usual way, and the flame evaporates 
the spirit above. A constant supply being maintained, with a 
proper proportion of air, the flame bums steadily, and the heat 
IS continuously generated. This arrangement has the great 
diaad vantage of requiring the storage of a large qnantitj' of the 
dangerous spirit to feed the burner, although in the coil itself 
only a comparatively small portion is needed, to replace the loss 
by leakage. A much better plan, and that generally adopted, is 
to use ordinary heavy petroleum, which can lje stored without 
danger, to heat the spirit. A small air-pump driven by the 
engine forces air into the oil tank, and a mixture of oil vapour 
and air is injected as spray into the fire box or furnace beneath 
the coil, in the same way that liquid fuel is broken up, injected 
and burnt under a locomotive boiler. After being completely 
vaporised by the heat, it U mixed with more air. and burns with 
a continuous flame like a Bunsea burner. With this mi^thod 
there is little risk of explosion, but a separate tank is required 
for the mineral oil, and power to drive the atr-pQinp, diminishing 
slightly the total useful work of th« engtM^ 

In the Zephyr spirit laiinch tho ei UMfcai 
are carried in the stern of the t>OAt^inBH|H|^|BfiF^ '''" 
bow, to balance the vessel, leaw' 
passengers. The machinery U 
&c, weigh only 1 ton in a tmt 34 9 
is s]>ecially adapted for small li 
uitable for large powers « 
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Btartecl in from two to five minutes after lighting the burner, and 
like other vcbbbIs driven by petroleum, the Zephyr spirit launch 
is emokejess. The conHmnjition of fuel for burning is about one- 
third of a gallon per H.P. per hour. 



CHAPTER IV. 
OTHER OIL ENGINES. 

CoNTBNTs.—ClMiificition — Horasby-Akniy it— Trusty— Root's Petrolanm 
Motor — Otlo^Griffin^Weatherhogg — Lenoir— Simplex — Stcuriti — 
Rkgot— TvDtinK — Dunmd— Forest ^Cupitjiiue— Daimler — Adam — 
Altmiuin and KiippermaDii — Luile- Vulcan. 

ClasBBiflcation. — The Frieatman oil engine is at present one 
of the few motors adapted for driving only with oil. Most 
other oil engines were originally conatructed to \ise gas as the 
motive power, nnd the oil carburetting apparatus has been added 
afterwards. All oil motors, however, including the Prieatman, 
employ the usual gaa engine cycle, the series of operations 
proposed by Beau de Rochas and ndopted by Otto, comprised in 
four strokes uf the piston, with one explosion every two revolu- 
tions. Excellent results are obtained with this cycle, and the 
engines work more smoothly than gaa motors, owing to the 
perfect lubrication afforded by the oil. The action and method 
of utilising the power develo|ied does not diti'er from that 
hitherto described. The difference consiata in the treatment 
of the petroleum. In no two motors is the process of burning 
the oil precisely the same, though in all it is sprayed or broken 
up by the addition of air or steam, and vaporised by applying 
heat. The following classifi cation, given in 'Jlte Engineer of 
June 24th, 1892, of the methods by which the oil is evaporated, 
may be found useful : — 

1. Engines in which the oil, before entering 

the cylinder, is converted first into oil spray, 

forming an oil shower, and next into vapour in a 

hot chamber. 

Engines in which the liquid oil is injected 

into a prolongation of the engine cylinder, a hot 

cartridge chamber or combustion space, where it 

's converted into vapour or gaa. 

3. Engines in which the oil is converted into 
apour or gas in a chamber contiguous to the 

cylinder, and communicating v * ' 
■ Engines in which the c ' 

vapour or gas in a separate cbai 

from tlie cylinder. 



I 



k 



vith it by a valve, 

i converted into 
raber, heated apart) 
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1. By electricity. 

2. By a tube heated by an nil flame. 

3. By sponianeoiis ignition of the oil vapour, due to its com- 
prBHsion, and to the heat of the vaporiaiug chamber. 

The Hornsby-Akroyd oil engine has one pecaliarity which 
dLatinguisheB it from the other heat motors hitherto deecribed. 
It has neither hot tul>e, electric apurk, acir slide valve with flame, 
bat the charge is fired according to the method described in the 
third division above. The oil is injected into a red hot chamber 
(or cartridge) at the back of the cylinder, into which heated air, 
compressed by the back stroke of the piston, is forced as it 
reaches the innej* dead point, and the mixture ignites spontan- 
eously. The internal surface of this chamber is provided with 
radiating ribs, to afford a greater heating area. It is maintained 
at a red heat by the combustion and explosion of the oil and 
air at every other stroke. The engine ia of the usual four-cycle 
type, and the functions of admission, compression, e:tp]oaion 
plus expansion, and exhaust are earned out during four con- 
secutive strokes. The Hornsby-Akroyd is perhaps one of the 
simplest oil engines hitherto produced. Jts action and the 
method of vaporising the oil will he beat nnderatood from 
Fig. lU. 

Hero A ia the motor cylinder, F the piston, B the compression 
space, into which the piston does not enter, and C the cartridge 
or combustion chamber beyond it. The walls of the cylinder are 
cooled by a water jacket shown at W, but the combustion cham- 
ber C is surrounded only with an air jacket, to keep it at a 
uniform temperature. The highly heated charge in it is pre- 
vented by the intermediate compression space B from coming in 
contact with the cooler cylinder walls. Below is the lamp L. 
used to heat the comlmstion chamber or vaporiser at starting. 
The oil for this lamp is drawn from the same tank as that feed- 
ing thu engine. Air is admitted above it from a fan, F, worked 
by hand. A small piece of nsbestos or other absorbent material 
is pnshed through the little plug at ]>, dipped in the oil and 
ignited, nnd as the air enters it rapidly luns the oil into a 
fierce flame, which rushes out through the hole at the top, and 
in a. few minutes heats the vaporiser C. As soon as the latter 
is red hot, the current of air is stopped, the Ismp extinguished, 
and the engine then works automatically, alter a few turns of 
the flywheel by hand. The T-shaped air and exhaust valves, 
seen iit c snd d, are worked by cams and levers through an aux- 
iliary shaft, geared to the crank shaft in the proportion of 2 to 1. 
These valves communicate with the cylinder through the same 
opening, in order that the heat of the exhaust products may 
warm the fresh air admitted through valve d. The temperature 
of the air is further raised by the heat of the cylinder, and of the 
J^ck compression stroke. As the piston reaches the inner dead 
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point, it forces the compressed air into the red hot cartridge 
space, where a small quantity of oil is injected into it. The oil 
is drawn from a tank in the base of the engine, and a few drops 
1 delivered by the little oil pump O at every other stroke, 
through a narrow tube and simple nozzle into the hot chamber 
~ Thn oil pump, worked by the same lever as the exhaust, 
sends the oil to the chamber in a fluid conitition, and not, as in 
Other oil engines, in the form of apray. The heat of chamber 
and the pressure of ihe air charge immediately vaporise it ; 
aximum pressure of the inner dead point causes the igni- 
tion, and the piston is driven out. The burning charge passes 
into the compression space of the cylinder through a very small 
passage, a, that as little heat as possible may be dissipated 
through the walU, and the pressure of the Qame increased. The 
exhaust is opened by the side shaft worked from the main crauk. 
The centrifugal governor U acts on the little horizontal valve 
through which the oil is admitted to the vaporiser, and closes 
the narrow tube when the speed exceeds the normal limits. At 
the same time it opens a little bye-pasa valve, and the oil is sent 
back to the tank; thus the oil pump works continuously, the 
governor regulating only the direction in which the oil paasea. 
The valve box has a water jacket, to keep the oil cool till it 
reaches the vuporiser. The quantity conveyed to the engine 
to form a charge is regulated by adjusting the stroke of the oil 
plunger. The air being dry and hot, the engine has to be lubri- 

lated in the usual way. 
Method of VaporiBatioiL — The jwculiar feature of the 

9ornaby-A kroyd engine is that no attempt is made to vajKirise 
the oil or convert it into spray, until it is actually injected into 
QibuBtion chamber. Hence the density of the oil is a 
point of no im|iortance, and heavier |>etroleum may be used than 
Ui most other engines. The spevilic gravity of the oil is usually 
ftbout 0*S50, and its flashing point 150* P., but the engine wiU 
work with oil of specific gravity 0'854, dashing point '220° F., and 
I weighing 8J lbs. to the gallon. Thus it is one of the saffst and 
simplest of oil motors, and these two advantHgea ahouhl make 
it popular, when bett^'f known. The quantity of oil injected 
I time is very small, only about 015 cubif inch per stroke of 
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ucts are employed to warm 
lion to vaporise the oil, and 
Imr-je lo the ignition point. 

■'■'■ !, while if very heavy 

' ■ lieat of the jacket 

|uT fluid condition. 

one pint per hour 

. .i'..;..r !,1, j.ei- E.H.P. per 



31* 



pBTBOLnra Ksaissa. 




I 



I 



biiiir. Fig. 115 gtmkitugnn of ui engine indicating 6-74 H^f. 
teken bj Pmttnar Robiuoti. Tbe spcafie grmTil; of Uw ■! 

was 0-^M. fiakkingpW 
2i!0' F.. and Ute eafa 
in«ile 2^4 reTolnUimtpr 
niinat«. Tb^ m>u«v)> 
tion of oil wa* abovt H 
^im [ler H.H.P.p(TbMi. 
fhr fikgintf ts uadr ^ 
Messra. HoraabjASoK 
Grantliaiii, in len oe 
from 1| to 19 Kf, 
and ruos at 350 bi 3CH 
revolutions per miantK 
Trnsty. — A dilTeretil method ot Tapnrising tbe oil has bta 
adopted in the Trusty rngine, brought out hj Messrs. Wena 
Jt Hitchcock, of GuitdforJ, and resembling the gas engi&e rf 
the same n&me, with the addition of an apparattis for gasi^i^ 
the oil Some yesrs ago an engiue wm invented by Mr. Ei^lrt 
of Farnharo, in wliich the oil was Taporised in a jacket ivond 
the combustion chamber. The patent of this engine has ao* 
been acquired by the makers of the Trusty, irho have aimlied 
an4 improved the jirinciples of the early motor. In the Ksiebt 
engine, ignition was obtained by making a flame, produced bj 
the actiua of bellows, play at the right moment upon a enil ol 
platinum wire. In the Trusty, the charge was at first fired bt 
directing so air jet upon an oil flBme, but this tnf-thod has no« 
lieen al«n<lone<l in favour of ordinary tube ignition. 

The engine is horizouial and single acting, with one cyliader; 
tlie action is similar to tlial described in the Trusty four-cycle g« 
engine (p. 133). Fig. 116 gives &a end view, with tbe method 
of introducing the oil into the vajioriser. The latter, shown si 
V, cnnsifltA of a jacket fitting round the compi-essiou end of tk 
cylinder, and divided internally into sections. Tbe air adauBHOB 
and exhaust valves, S snd S[, are worked by levera L and L,, froai 
a side shaft gearing into the main shaft in the proportion (t 
1! to 1, as in the Trusty gas engine. At a, o,, are the screws fcr 
adjusting the valves, the exhaust outlet is at E. The metliod 
'>f vftporising the oil is original. It is drawn through tlN 
irip" p from ft tank below the engine, and pum;^ ' " ■*"* 
horiEontal pump P through the second 
or rycpiver C at the top of the engine, 
the jacket or vaporiser V through 
the cylinder, shown in Pig, 118, 
valve H it is admitted drop by drc" 
diately vaporised. The igniting f 
cylinder and evaporating chsmbe 
lieat by a lamp J. The rod Q 
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I too great, tbe projection od 



lirorked at M by a liit-and-mifts < 

inlum governor O. If the speed 

the governor cannot reach 

the notch on thevalverod 

in time, a lever D is in' 

terposed,and theoil pump 

does not work. The lever 

ftlso acts upon the valve 
, admitting the oil to 
B vaporiser, and the 

irapplj is thus doubly 

checked by the governor. 
As the combustion of 

the charge takes place in 

the compression chamber, 

the jacket round it be- 

oumes BO hot that the oil, 

U it enters, ia instantly 

turned into vapour. The 

oat stroke of the piaton 

draws in a charge of fresh 

Air through the adniiaston 

valve Sj, and at the same 

momentitiirough valve H, 

the vaporised oil is ad- 
mitted into the cooipres- 

aion chamber from the 

[acket. The oil vapour 

iknd air mingle in the 

ctylinder.andarecomprea- 

•ed by the return stroke 

of the piston, driven up 

the tube, ignited in the 

ordinary way, and explosion and expansion of the charge 

follow. The oil is vaporised by the heat of explosion, during 

which the highi^at temj>eratare of the cycle is reached, and 

gr(>ater pressures are said to be attained than in the Priestman 

engine, where the oil is vaporised by the heat of tbe products 
i^mbitstion only. Tlie Trusty engine also runs at higher 
>ds than the Priestinan, and gives a good heat efficiency. 
Ehe special feature of the engine is the vaporisation of the oil 
Up by drop, as it is required, the quantity being regulated by 
"B stroke of the oil pump, which in a 4 H.P. engine is about 
b diameter. As llie oil i> n-<t sprayed before it enters the 
the varying temperature at 




Fig. 116.— Trusty Oil Eagine. 
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. oecause the petroleum is tamed 
it of combustion. The parts and 
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8 being casilj accessible, the occasional cleaning required 
IS carried out without ditHculty. Broxbourne lighthouse oil, 
distilled from Sootch shale, with flashing point 150" F. and speci- 
fic gravity 081, ia usually 
employed, but a much 
heavier oil with flashing 
point 250° F. may be used. 
TriEils. — In a two hoiira' 
trial on a Truaty oil engine 
made by Mr. Beaumont, 
the Bpecitic gravity of the 
oil was O'SIO. The engine 
indicated 6'2 H.P., and 
gave i-28 H.P. on the brake; the mechanical efficiency was 69 
per cent,, and the speed 230 revolutions per minute. The oil 
used amounted to 0963 lb. per B.ttP., and 0667 Ih. per 
I.H.P. per hour. All the items of heat expenditure were care- 
fully noted ; particulars will be found in the table at p. 404. 
The ratio of heat Hhown in the indicator dianriini as work done. 





to that supplied in the oil was about 20i per cent. Fig. 117 
gives a diagritm taken during the trial, and'Fi^. IIS an external 
view of the engine. The makei-'a types range from J H.P, to 12 
H.P. nom. in eleven sizes ; the speed per minute is 220 to 180 
revolutions. 

Boot's Fetroleom Motor. — A amall engine, in which the 
oil is vaporised in a new and original manner, has been 
used to drive a little boat running on the Thames. The 
engine is known as Root's Petroleum Motor, and the launch 
was built by Messra. Vosper & Co., of Southampton. It 
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engine, the crank, shaft, (ind con- 
id in. The petroleum is admitted 
id falls lirst through ports into 
)r lever. Movement is commuai- 
yries of vibrating levers, from an 
ik shaft by wheels. From hence 
led through jiipea into an Hnnular vaporising chamber 
ID ttie centre of the engine. This clmmber is pliieed above the 
space containing the ignition tubes, which arc heated by a jet 
burner below them, fed with tine oil Gpray. One cylindrical 
casing enclosee lioth the vaporiser and the hot tubes. Air enters 
through holes at the bottom of the vaporiser, and passing 
upwards is heated by the flame and the ignition tubes. It is 
then led off through pipes, heating all the ports and passages 
through which the oil filters down into the vaporiser, before 
IS to the hot chamber. Thus the air, healed by the 
id hot tubes, is impregnated with the oil, and carries 
hack a certain quantity to the vaporiser, the heat from the 
enclosed ignition chamber being suflicienl to turn the oil into 
vapour. From here the charge of oil and air passes to the motor 
cylinders through automatic admission valves, held on their seats 
by sfii'ings, and raised by the pistons in their descent. The 
mixture is ignited, and drives down the pistons in the usual 
way. The exhaust valves at the top of each cylinder ar« worked 
by the same vibrating levers and eccentrics as those admitting 
the oil. In spite of the numerous porta and passages through 
which the oil has to jiosb, there is appureutly no deposit. Draw- 
ings of this engine will be found in J7ie Etiginter, Septeml>er 30, 
1893. 

Otto.— The Otto may truly be calleil the prototype of all 
modern gas engines, and to its many advantages has now been 
added that of working with petroleum, where gas is not avail- 
able. In the oil motor introduced by Messrs, Croasley the usual 
four-cycle type is adhered to in every n-speol, and tlie engine 
works in the same way as with gas, exci-pt that in some cases 

(electric ignition has been employed. Besides the ordinary parts, 
there is an oil pump driven from the side shaft, and also a 
vaporiser at the back of the engine. Two methods of volatilis- 
ing the oil have been adopted. With the first, only light oil or 
l>enzoline can be used. It is stored in a small receiver, and n 
Seated by the exhaust gases, which are carried abi(]« the bottoiaj 
«f the receiver. The level of the oil is maintained constant \ 
ft float. Air, sucked in by the out struke uf ll.^' pistt 
the receiver, and is drawn up from the boMii " i' 
through a perforated disc, in order that it di[' 
oil in as many streams as posstbln. From li 
carbnretted, is conveyed, thruu|>h a vtnwl !il> 
1>eleanse it, to the admission valvu, wL< [ 



«ir drftvo in from the bue of the eii|(ina, b^bra it eaten tb 
motor crtindtT. Tho clwrge U fired electrioijlj, utd tbeipA 
to produced by iaMrmpting tho current from k maail djHVK 
bymcMU of K prDJ«ction on Um distribating abaft. TbtoiMtU 
bM been chieflv uaed in QcoTnany. 

In tbe more modem apnUofttions of petrotenin to driTS Ik 
Otto en^nnv the um of inummsble ipirit ia Bb^ndoDed. Ik 
oil to be vitp<.>ria«d hu % apecifio f^-rity of 0-830 ud WC 
— S6*F, duhing poiot, but heaTier oil, fl«ahiiig a4i 190* F, 
cnn be employed. A current of air nt eonsiderabkr pressure a 
drawn, l>y the auctioa atroke of the piston, [mst i. nozzle &<n 
whidi oil ia B|>nTi>d into it. Thia oil is drawn bv ^raritatiM 
from a tank alMve the en^ne. The vapour thus furmed paM 
into a hot chamber, and from thenc« into tha ^linder. It a 
oompmaed by the nest back stroke of the piston to a pnMBi 
of 300 lbs. )ier square inch, tt^tfaer with ■ chai^ of fteab sir 
supplied through an automatic %-alvB to dilate it. Ignitiaa a 




Fi^'. 119.— Otto Petroleum Engine— Indicator Diagmn. 



iibtained by a tube heated by a lamp of special shape, ted with 
].v>traleam and air from a separate veeiet. The preasure in tin 
rt-ci'ivercan Ih> raised by hand to about 40 lbs., and will laatftr 
it (■•Misklfraklf tiiut>. Ttie lamp isalso used to heat thi^ vaporiiw 
nt Rlarlin);. If the speed of the engine be too great, tiie governor 
(■l<»i>s the lulinission raire, and keeps the axhaost <:>]>en, Tbe 'v; 
liunit prixlucts n^^nter the cylinder at the next oat i^troke ani 
iu tcni{>erature is therefore not much reduced. In a trill 
made with a 1 H.P. nom. Otto petroleum engine (dingrau. 
Kin. Hi') till' B, H.r. »«s 5-3, the engine made 212 revoluticDS 
)M>r minute, and I'oiiKumed 0*7 galloi 
lionr. Messrs. Crossler make this cUs 
i H.P.. 4 H.P.. and 9 H.P. nom.. rum 
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Oriffln. — The (.Iriffin oil cni;iTii 

CriiKn ji 0>., of Bath, must W 

(.'.IS tiigine, made by Messrs. Di.k, Kt-rr i Co. 

Thi' onlinary Bean de Roohas cvi-lc is used, an^ 

^ion every two ravolntions. iis in the OttOh ] 



13 of Oil per B.H.P. p<r 
a of engine in three siie^ 
ling at a speed of ahoci 

Iv lirought out bj Ital^B 
— ■■'—'' from th 
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flintier Lorixnntal esgine, and the ndmissiDii aud exbausb valveB 

e driven from a aide shaft gcariug on to the crank shaft in the 

uual way. The novelties ctuiiiied for this engine are the method 

* vaporising the oil, of iguilion, and of governing. The 

^Kporiser is placed in the bed plate, at right angles to the 

The oil drawn from a tank in the base is injected into 

e vaporiser in the form of line spray. The spraying jet con- 

ista of two concentric noutles, one inside and set behind the 

The oil is injected from the inner nozzle into t)ie outer, 

le air, at a pressure of 12 lbs. per square inch, carries the 

oil particles to the vaporiser. Here they are converted into 

' by the heat of the chamber, which ia surrounded by a 

^B containing the exhaust gases, and ribbed internally to 

^afford greater heating surface. Much of the heat of explosion 

must pass into this chiimber. As the oil vapour emerges from 

the vaporiser at the other side of the engine, it ia carried 

through a curved pipe to the cylinder above. Billow this pipe U 

a perforated box, through wliit'h air is drawn to mix with the 

charge. Thiit air is also heated, because the exhaust gaaes are 

carried through the curved pipe, before they are dischnrged to 

the atmosphere. The charge then enters the cjliuder, and is 

igniti^d by the tube, kept at a red heat by nil oil spray Bunsea 

flame. The ignition of the charge ia also original. A aniall 

quantity of oil is conveyed from the tank to a little vessel, where 

it is drawn upwarda by capillary attraction. It ia next broken 

up into Hpray by a blast of air from the air pump, and carried 

forward into a pipe kept at a high temperature by the heat from 

the burner. Here il is vaporised, ignited at the Bunsen burner, 

I and the flame plays continually on the tube. 

I Ooveming of Griffin and other Oil Engines. — To regulate 

I the sijeod of an oil engine by reducing the number of explo- 

^ aions, cutting oil' the supply of oil, and ]<asaing air only 

through the cylinder, is not aliogether desirable. If there is 

no explosion, no heat can be coninuinicated from the exhaust 

gases to the vaporiaer. The latter becomes chilled, and the 

next time oil is admitted, the temperature ia nut high enough 

to evaporate it completely ; unbui-ut oil pOESes into the cylinder, 

and wnsto and deposit of residuum are the result. In the GrilGa 

pngino the centrifugal governor acts upon two valves placed aide 

*^- " ' be completely miKcd charge to the 

irL^ing the exhaust gases, after they 

: imd the incoming charge. If the 

III' (hesB valvea act, and the udmission 

u 10 suapended. As no charge either 

ere ia little waste of heat. The 

i.euni of 0-80 apeciiic gravity, 

Mig the air pump is worked 

med is ignited, and enters 
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the Taporiier as a strong flame. In ten minutes it is 
hot to work the engine. The air pamp is then ooniu 
eccentric and side shaft driving the valves. Dimwj 
engine will be found in Engineering^ November 4, 18 

Weatherhogg. — The Weatherhogg petroleum ei 
the solitary exception to motors employing the Besi 
four-cycle. It is a six-cycle engine, with a soavengi 
air introduced and expelled between each admissiotio 
and air. The oil is injected by a pump into a vap 
heated by a blow-pipe flame, and in its onwrard psai 
cylinder is diluted with the proper proportion of ail 
is by hot tube. This engine appears to be stUl in 
mental stage. 

Booket. — A petroleum engine called the ** Rocket' 
been intnxluced by Messrs. Robert Stephenson A O 
castle-on-Tyne (Kaselowski's Patent). In this motor, 
from a tank above the cylinder flows by gravit" 
va}x>riser, where it is sprayed by an air current, mni 
by the heat of the exhaust gases. From thence it pi 
engine, l)eing <liluted on its way with the proper pi 
air. No ])umps are required for the oil, «kc. Mot tu 
is UK(*d, with a timing valve worked by a cam on tfa 
shaft. The governor is so arranged that when the no 
is excc(>ded, the supply of oil va|>our is cut oflT, and n 
sion of the waste gases in the cylinder takes place. 

Lenoir. — In later oil engines the tendency is certs 
heavier and less inflammable oils, as shown by the uki 
in the Otto. In the French Lenoir motor a carburatc 
added, in which the more dangerous lighter oils are 
Fig. 1 20 gives a view of this engine working with carbn 
the action is the same as in the modem Lenoir gas mi 
position of the carburator above the cylinder is near eno 
boat of the engine to keep the oil in a proper fluid coni 
counteract the cold of evaporation, but not near enoi 
vert the oil into vapour. Hence the use of lighter 
which can be evai>orated without much heat. The 
is attached to the engine, and a very slow rotatory m* 




The bottom is hall lilltd with gnzoleTit.uini us tiic cylinder roUiteB, 
the troughs pass successively through the oil, and till theniselvea. 
BaiHed by the continued luovement of the carburator, each in 
turning la emptied of its contents, which fall ia a fine rain or 
mist back into the oil below, 
Thua the cylinder is always full 
ofpulveriaed^azolene, thoroughly 
Batiimting the air as it passes 
through. The carburetteJ nir 
in then conviyed to the motor 
cylinder through mi 
bulb, in which ■ ' 
L^fixed, to preroD 
• >oiijigbi ■ " 




i the density of the 

T,P. was 1-96, and 

LU.P. per hour; 
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in the second tlie B.H.P. was 4'15, aud consumption of oil 
I'H pint per B.H.P. per hour. The Lenoir petroleum engine 
has also been used for portable mcitorH, aud to propel a steAni 
launcli. Fig. 121 shows an iudicator diagram taken (luring the 
second trial by M. Treaca. 

Simplex. — The Simplex gas engine of MM. Delaraare-Debout- 
teville and MaJa&din, made at Roueu, and described at p. 140, 
has also been supplemented bj a carburator. In this ap|iaratus 
the density of the oil used ia rather greater than iu the Lenoir, 
but as the heat of tjie engine 
does not viijwrise it, lieavy 
petroleum cannot be employei 
Fig. 123 gives u view of the 
Simplex carburator, and es- 
plaius the working method. 
K is the tank, usually open at 
the top to the atmosphere, and 
containing liquid petroleum of 
O-e.'J to 0-70 density ; D th» 
valve for admitting it into the 
column E; B is a spiral horse- 
liair brush, which breaks the 
oil falling on to it into spray; 
at C is the casing round the 
colunin,heated by the hot water 
from the motor cylinder jacket, 
This water leaves the jacket 
ftt a temperature of 60' to 70* 
C, and falls to 40' or 50' C. 
by the time it reaches the 
carburator, where it helps to 
counteract the cold produced 
by evaporation. F is the sm^l 
cock fi-um which water, also 
drawn from the jacket, falls 
in a light shower into the 
; narrow stream of oil entering 




Carburator. 



column, Rnd mingles with the 

through D from K. The water helps to break up the oil into 
finer spray, and also to purify it, by holding in solution the 
coarser particles of dirt. The oil and water filter down through 
the spiml brush into the vessel L below, to which they are 
admitted through the valve V. Here the water and impurities 
are de|M>sited at the bottom, and the water kept at a constant level 
by the overflow pipe N. The suction stroke of the piston draws air 
down from the top of the carburator through the column C, which 
is tilled with oil spray and water, and this air, charged with petro- 
leum vapour, is carried off from the vessel L through the pipe S 
to tJie motor cylinder. A safety valve is placed in this pipe, to 
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hinder the fltime produced by the eKplosion of the charge from 
diooting buck into the carburator. Tlie hot water preventa all 
dogging of till! valves by oil deposit, and the engine ia found ta 
vork without trouble. As the electric spark is used in the 
Simplex engine, no dtlficulty is experienced in igniting the 
diarge. 

Sionrit^. — A horizontal petroleum engine patented by MM. 
3>iederichs (Belmont, C'habond, and Dieilerichs) and known as 
Tile "8^urite," appeared at the Paris Exhibition of 1889. It is 
nlher complicated, but ia self-contained, and requires no extemai 
Aonnectiuna of any kind. Instead of an electric battery to fire 
3 charge, the engine carries with it the ignition apjiaratus. 
Thia ia an advantage in motors which are intended for use in 
^^Bie country, and to bo handled by lalxjurers. The " Sfeurit^ " 
engine niny be driven with any kind of petroleum, but the best 
for use is heavy mineral oil distilled from biCuminouB Bcbiat, of 
D'S3 to 0*85 specific gravity. It ia the only petroleum engine, 

Eoperly so called, which was shown at the Paris Exhibition, 
ke the Priestman, it i-) not a gas engine adapted to the use of 
Ktroleum bj the addition of a \'aporiser, but has from the first 
en intended to work with oil. 

Fig. 123 gives a general view of the engine. Two kinds of 
petroleum are used, both contained in aejiarate compartments 
of the reservoir T. A lighter petroleum spirit ia required to 
Btart the engine, and this is one of its drawbacks ; after it is at 
work, ordinary heavy petroleum is used. A is the horizontal 
motor cylinder, and R the auxiliary shaft, worked from the crank 
shaft by bevel wheels 3 to 1. The engine stande on a strong 
foundation, B, which is hollow, and part serves as a reservoir 
for the compressed air. The shuft R works the i<^nition, admis- 
sion, and exhaust vaiv^^s by two cams and crank levers. One 
lever opens the admission valve under the cylinder as shown. 
The centrifugal governor G is also worked from R by means of 
bevel wheels, and regulates the admission of oil to the vaporiser 
by acting upon a cock, r, in the oil pipe. The petroleum for work- 
ing the engine ia eonlained in the front part of the reservoir T. 
n hence it passes through a small pipe p and the Link r to tba 
reiHjriser V bt'ncath the cylinder, in which is a coll of pipes. 
~ exhaust gasea paaa into the vnpnri<«pr nt E and heat the 
-''■""•, which ia ita jut'-ir- ''• 



Ictely vnpoHsvd. Itfctth 
ottom, and injoi ' 
if the cylindor^ 
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conMqnpiitly only fresh air ia drawn into the cylinijer by the 
uext out stroke of the piston. 

Tiio ignition RpparattiB is soniewbH 
iidvantage of requiring no battery, i 
Petroleum essence, much lighter than the oil used for driving 
the engine, is contained in tho vessel U above the cylinder. At 
P is the ijump Initneiliatdy below the crank abaft, and driven 
from it by an eccentric, tlirough which air is pnmped by tho 
pipe b into a compartment in tlie hollow base of the engine, B, 
and from thence tbi-ough />, to the vessel L". The band pump C 




> Uiu 1 



1 tba 



imgine. The pressiu'e of this aii* in the vessel U forces tho 
petroleum essence along the pigm c, past the oock fj adjustable 
by hand, and it falls drop by drop into a current cif conipresBed 
air conveyed in the branch pipe (/ from the air pipe 6,. The two 
.ire carriwi through pipe rf, into the compression s|iaoe M at tba 
back of the motor cylinder A. Before reaching the burner, the 
highly inflammable carburettetl uii- is beated by passing it 
through a small coil of pipea, tl„, kept at a high temperature by 
the heat from the cylindf^r. The burner consists of a small 
platinum capsule maintained at a rtKl heat by a carhuretted air 
dame. Tha cfaai^ in the cylinder, compressed by the hac^ 



324 PETnOLEUU ENGINES. 

method of ignition and of vaporising the oil. It uses heavy 
petroleum, liaring a density of 0-800 to 0*820, and the con- 
sumption of oil is said to lie only about J pint per H.P, per 
hour. Fig. 124 sliows a view of this coin|)act little vertical 
enfrine. The crank and motor shaft are at the top of the cylinder, 
and the piston works un to them through a connecting rod ; the 
oil vaporiser and pulveriser are seen below the cylinder. Upon 
the motor shaft is a small pinion wheel and ])u]ley. The pulley 
works the centrifugal governor; the wheel gears into another, 
below it, of twice the diameter, from which the admission and 
ignition vatvea are worked by means of cams and levers, as 
shown in the drawing. The ordinary four-cycle is used, and 
there is an explosion every other revolution. The charge is 
fired electrically, and the cylinder cooled by a water jacket in 
the uaunl way. The chief peculiarity of the pngine ia the 
vaporiser, consisting of two holKiw cones, of difl'erent propor- 
tions, tilting one over the other, with a space between thetn. 
Into this space the oil is dropped from a small i-ecetver, com- 
municating through a pipe with an injector or nozzle. The 
suction of the motor piston draws a small qiiuntity of air into 
the nozzle, with the nil, and the two full together into the space 
between the cones. Here the oil is pulverised and the air 
heated. The gases of combustion are admitted from the motor 
cylinder into the inner cone, and by their heat convert the oil 
above into vajiour. Through a smatl pipe establishing communi- 
cation l)etween the cone and the cylinder, the oil spray and air 
are drawn, by the sliglit vacuum jiroduced by the out stroke, 
into the mixing chamber, where the oil ia further vaporised, 
and diluted with fresh air to render it explosive. The exhaust 
gases are also carried round this chamber before passing to the 
atmosphere. The charge is compressed by the return stroke of 
the piston in the ordinary way, and lired by an electric battery. 
The admission valve is controlled by the governor, and the 
strength of the charge, not the number of explosions, varies 
according to the speed. In the semicircular space below the 
vaporiser a lamp, fed with ordinary petroleum, is placed to heat 
it when starting, and in from 10 to 15 minutes the engine begins 
to work. The process can be quickened by introducing a few 
drops of petroleum essence or ganolene intii the vaporiser. The 
"Albert ' petroleum motor, made by Messrs. Glover A Hohsoii, 
is a reproduction of the " Ragot." Allhougli handy and compact, 
this little motor does not se«m to have been very successful. 

Tenting. — A few other French engines are arranged to work 
with petroleum, where lighting gas cannot be had. In the Tenting 
engine, described in the gas engine section at p. 157, a carburator 
of the simplest description is added to the ordinary motor. It is a. 
cylindrical vertical reservoir divided horizontally into three parts ; 
the volatile hydrocarbons are stored in the upper, and are thence 
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supplied to the aecoiid chamber Ivelow it, which forma the car- 
ourator itsell Enough liijuiil can be curried in thia reservoir for 
i^ui ordinary day'u work. The products uf combustion from the 
Oj'linder are led through the lowest division, warm the carliurator, 
.Hid counteract the cold produced by the evaporation of tho 
liydrocarlxin liquid. The Tenting carliurntor is a good exnmple 
,of the method of airburaUng air by bringing it in contact with 
light hydrocarbon, without the application of much heat. Air, 
.drawn in by the out stroke of the piston, is passed over the 
SDrfoce i>f the liijuid iik the central chamber. It enters on one 
side, nnd is carrie*! off from the other to tlie cylinder, charged 
with the viilntile petroleum essence. 

Durand.^ln the Durand engine the vuptirisatiun of the oil 
.is effected on a diiferent principle to that uBually adopted in 
petroleum motors. As a rule, the oil is sprayed by dividing it 
ap with the injection of air, and evaporating it by great heat, 
the aim being, if pLiHsible, U> convert the whole into vapour, 
."without any residuum. M. Dunuid uses only the light volatile 
constituent^ of the oil, the heavy hydrocarbons are allowed to 
iuu;umulate at the bottom of the corhurator. withdrawn and 
wasted. Ho thinks there is a gain in power and smooth working 
by this method, and these advanta^s more than compensate for 
aligbtly increased consumption of oil. The Durand carburator 
is fixed above the cylinder, the heat from which counteracts the 
cold produced by evaporation. By this arrangement the car- 
buretted air descends only, and doen not lose its iafiamiuable 
propertiea, as it has been foUlid to do when ascending;. Air is 
drawn into the carburator through a vertical tube, the bottom 
of which is below the level of the Iiydrocarlxm liquid. It rises 
.through a spongy maxs on the top of the liquid, always saturated 
■with hydrocarbon. Thus charged, the air is carried off tliniugh 
B pipe to the distributing chamber, where it ia further mixed 
with fresh air to form uie charge. The opening of the 
admitting the oil vapour to the chanilier is regulated by t 
governor, according to the speed. Electric ignition ' 
contact is interrupted and the spark produced by a rotatii 
disc, woi'ked from tlie auxiliary shutl (see p. 72). 

Forest. — M. Forest of Paris has lately turned his attentioi 
specially to small mitrino engines working with [>etraleum, a ' 
in conjunction with M. Oidli(» luis prtxluccil several raoto 
which liave attracted the attention of the French Goverttin 
One of their engines, of 30 H.P. with six cylinders, bought b 
Prench Admiralty, was tested ut Itreet in 1890. Details O 
trial will be founcl in the table at p. 401. A carburator o; 
Piepiu system is used, with light liydrocarbon, Tho aurft< 
the petroleum is agituted by a rotating cylindrical brush. 
air is drawn in by suction, and the petroleum being spraved il 
it by the brush, it becuioes charged with the evaporiLled U 
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The Hpeciiil fpature of these Forest motors is tbat they are re- 
versible, I'apidly started, mid thiit the direction oi' the engine can 
he inatantly changed. The marine motors have two or more 
verticul cylinders working downwards on the crank shaft. A 
distributing shaft, &om wliich all the ijrnition and exhanst 
valves are driven, runs ahovo the cylinders. This shuft Iios a, 
double set of cams, one for working the boat forward, the other 
for reversing the direction, and by slightly shifting the position 
of the cam to the right or left, one or the other set can Ije brought 
into play. The charge is fired electrically, and the spark is 
produced or missed, according to the movement of the diBtribntiug 
shaft. The arrangements for rapidly changing the direction by 
reversing the engine depend on the adjustment of this shaft. 
Drawings of this ingenious motor will be found in Witz. Other 
French engines working with petroleum are the Mire and the 
Noel, both shown at the Paris Exhibition of 1889. 

Capitaine.— Among German motors, the Koerting can be 
u£ed with petroleum. The Benz is also sometimes driven with 
cai'buretted air, anil the charge lired by electricity. A more 
important engine is the vertical Capitaine, described at p. 187. 
It has already been about four years at work, and was one 
of the first motors to use comiaoa petroleum. It has been 
introduced into Engliuid, and a launch driven by a Cupitaine 
oil engine, fitted with friction cones and bevel gearing, was tested 
at Chester in December, 1891. By means of a handle attached 
to the gearing, the motion of the boat could be reversed or sus- 
pended. This launch was 35 feet long by H feet 10 inches, and 
carried fifty jiassengers. The Ci H.P. engine made 240 revolu- 
tions per minute; the boat went at 8.^ knots an hour. About 
twenty-five of these little Inats are at work in Hamburg, and 
many are used in other parts of Germany. The manufacturers 
state that over 1,000 engines have within twelve months been 
made for Germany and Russia. 

Like the gas engine of the same name, the Capitaine petroleum 
motor differs in one or two respects from others, anil especially 
in. the stratification of the cliargc. In both en;jiaes the same 
cycle and method of construction Lave been adhered to. The 
mameter of the water-jacketed cylinder is larger tlian in the 
usual type of motor, and the stiuke shorter. The admissioit 
ports are so designed that the charge enters at a high pressure, 
and is rapidly expanded. The compression chamber is conical, 
and where it joins the cylinder it is of the same diameter. 
The ignition port is so arranged that part of the charge enters 
the tube at the momentof ignition, and is tired without a timing 
valve. In both the gas and oil engines the exhaust valve IB 
worked by an eccentric on the crank shaft, and in the petroleum 
motor this eccentric also drives the oil pump, which is on the 
other side of the cylinder. As the fuur-cycle is used, with an 
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ilofiion every secnnJ revolution, nn alternating meohnnisiii is 
'BOiployeU to throw llie levers operaliiij; tlie exhauat and oil 
j)uinpB out (if gear, and muse them lo miss the valves at every 
^•econU Htroke. The governor ia carried on the- By wheel, and 
revolves lioriiontally. If the B[iee(l be too grettt tile governor 
liallfl Uy out, the bell cmnk o[ieitkling the exhuuBt is ca.Dgbt, 
>«nd the valve held <i|ieii, while at the same time the rod wortciog 
ilie oil pump ia maintained in its highest position. No oil is 
uadmitted. ami all th^ valven arc at rest until the speed is reduced. 
, Above thn ignition tube, at the op|iusite side of the cylinder lo 
the exhaust, we have in the Capitaine oil engine a TaporisBi'. 
I The valves D and 8 (Fig. 9J, p. IHS) are rcUined at the top. 
lut they admit air only, to mingle with and dilute the already 
'Vaporised chargn. The oil enters the suction of the oil pump 
'ir? gravity ; it is then forced upwards by the small piatnn driven 
^ the eccentric working the exiiaust into the vaporiser, which 
Kwctipiea the same position as the ignition tJibe B, Fig. 93. The 
^mjiorisor is a. stnnl] horizontal iron tube, maintained at a red 
4ieat by a lump below. This lamp is provided with a long bent 
tube, at thn end of which is a conical bnrner ; the flnme of the 
burner not otily evaporates the oil in the vaporiser, but in the 
■tube. Being bent, the oil in it is exposed to greater heat from 
"the (lame. In the enrlier oil tingines, the flame also played upon 
the small ignition tube. Firing by tube has recently been diB- 
r«Hrded, and the heat of the vuporiser atone is found sulhcient 
"to ignite the charge, aft«r its compression by the piston. Unlike 
the arrange 1)1 (tnt ujiiially ndopted in oil engines, the heat of the 
«xhaust giises is not utilised to vaporise the oil. 

On entering the vaporiser, the oil in mnt by a small current 
-of air, drawn in at the some timr, at right angles to the oil, by 
the down stroke. As tlie oil pump injects only a minut« quan- 
tity of oil at each stroke, it is instantly vaporised by the heat, 
and passes on to the cylinder. The air continuen to «nter, and 
thus a cushion of highly inflammable oil vapour is formed next the 
1»stun, and l)ehind it probably a cushion of hot air only. At 
the same time the suction stroke life the valves, and air enters 
through the admission valve at the top of the cylinder (aa in 
.Fig. 93) : the charge is diluted, the next compression stroke of 
'^e piston forces it back into the vaporiser, where it is ignited 
■and fires the charge. These two currents of air arc said to toan 
a non-inflammable layer, and to prevent the oil vapour ia * 
from communicating with the red-hot vaporiser, iintU t 
stroke of the piston. Tho air drawn into tlio vapor 
suction of the piston, drives before it the inflammal 
into the cylinder. Herr Capitaine maintains thi 
is employed to vaporise and ignite the charge, i 
isation and combustion are therefore luom coinp 
the stratiticAtion of the oil vapour and air, the < 



1 



is hotter than the bottom, heat is imparted to the charge during 
expansion, and raises the pressure curve. The indicator 



» theory. The consumptio 
e engine varies from 1 pint per B.H.P. 



I 
I 



diagrams are siud 
oil claimed for the Capital 

with 1 H.P. engines, to 7 pint per B.H.P. per hour with engines 
of 4 H.P, and upwards. It is maintained that premature igni- 
tion is impossible, and tbat the engine, on aceonnt of the great 
heat of the vaporiser, and therefore of the charge, works with- 
out any deposit of carbon. A drawing of the Capitaine oil 
engine, with indicator diagrams, will be found in Engineering, 
January 1, 1892. 

Daimler. — The Daimler petroleum motor differs in some 
respects from the gas engine of the same name described at 
p. 17S. It has already been successfully employed for driving 
small boats, and has Iieen titted in about 480 launches ; a 37 feet 
launch driveti by a 10 H.P. Daimler oil motor was recently 
supplied to the London County Council. The author was lately 
permitted to inspect one of these little petroleum launches on 
the Thames. It ran quietly, with no smoke, and no perceptible 
smell, was easily steered, the direction reversed, or the boat 
stopped at a moment's notice. The speed varies from 8 to 10 or 
11 miles an hour. More than fifty lioats equipped with these 
motors are in nse in Hamburg, and they have also been applied 
for driving 6 re engines. 

As in the gas engine., the Daimler petroleum motor has 
two siogle-acting cylinders, the pistons of which are set at 
an angle of 180", and work upon the same crank shaft, but 
they have no valves. Fig. 125 shows the arrangement of the 
parts. In the oil receiver or vaporiser A (which is preriously 
filled with petroleum), vapours are generated by means of the 
suction of heated air through the oil. The tube conveying this 
hot air to the top of the ia[ioriaer is surrounded with a jacket, 
through which the products of combustion are led on their way 
to the open air. The oil vapour and air then piiss to the regu- 
lating valve H, where more air is added to dilute them in proper 
proportions. They are next conveyed to the cylinder, entering 
through im automatic lift valve, as in tlie gas motor. The back 
stroke of the piston compresses the charge in the usual way. 
Ignition is effected by means of two small lumps, L, one for each 
cylinder. These lamps are fed from the receiver B, to which oil 
is supplied from the reservoir R, anil the valve cock ;). The 
passage of the oil to the lamp is regulated by means of the valve 
V, and the lamps burn with a clear blue flame. Within them 
are fixed two very small platinum tubes b, kept at a white heat^ 
which fire the charge in either cylinder automatically, without & 
timing valve, at the end of the compression stroke. Upon the 
proper burning of these two little lamps, the efficient working of 
the eugine in great measure depends. The same passage serves 
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to admit the fresh charge to the cylinder, and to carry off the 
gaaes of combustion ; the exhaust vnlve rod in worked from the 
crank shaft by wheels 2 to 1. The Rovernor on the flywheel 
checks the admission of the combustible gas, when the normal 
tfmil is exceeded. The en^ne works with petroleum of 068 
to 0'70 apecitic gravity, and ttashing point under 73° (AWs 
test). Great care must tliereloro bo exerciH(>d in handling and 




Fig. 135.— Dumler Oil Engine— Saetion of Cylinder and Vnlvca. 

itoring the oil, Tlic cost of workirif; is snid by the manufao- 
bureru to Ite about Id. per H.F. per hour. The sides and covers 
){ the cylinders are cooled by water jackets. Drawings and a 
Full description of the Daimler oil mulor will be found in 77(tf 
Bj'niwr, April U, 1893. 

Adam. — The Adam petroleum engine resembles tlie gas motor 
>f tfao iuime name, alreaily described at p. 171, with the ndditioa 

vaporiser. lieuxine or napbtlia are used tii di 

mgine, and enter the generator in a Ui|ui<l stiitu fnini n recciva 

rhe oil is here converted into gas and paHwt (<> the (^lind«f 

B»rt going til form the charge, and [«r' ' ■ '— ■' ''■■■ ■ 

During the whole pniceas, the Iwninn 
Homing in contact with the outer oii 
it a little over 1 lb. of benzine jier I i 
li mode in nine eiies, from 1 U, 10 II I 



Tlio Berliner Miischmeii-rinu Gesellscbafb have also brougbt 
out n. sliiull tiURint; lor petroleum. 

Aitmanii and K'uppermaiui. — An oil engi.Qe miule bj this 
iirin in llerlin in ixiiupact uud siinple ; the method employed for 
vaporising aad ignitini^ the oil ia very practtml. The engine is 
verticil), and tlie piabiii works upwards on to the crank. Admia- 
aioii, i^'iiition, and exhivust ure elleot«d from a einall auxiliary 
shaft, worked from the niiiin ehnft by two sets of conical wheels. 
The pt'troleum ia drawn from the reaervoir through a suction 
valve, and delivered by a small pump witli adjustable stroke into 
the vaporiser, a shallow vessel heated by a spirit lamp below. 
The lamp is pnitected by a i-over, and the hot ignition tube pro- 
jects into the flame. A separate receiver, into which air is com- 
pressed by an india-rubber valve, feeds the lamp. The vaporised 
oil then passes to another valve chamber, where it is dilut«d 
with air before entering the cylinder. Here it is exploded, ajid 
expands in the same way as gas, the usual Beau de Ilochos four- 
cycle of operations being canned out. The oil pump and the 
suction valve admitting the oil from the reservoir are worked 
from the same lever. A cam on the auxiliary shaft lifts a roller 
on the lever once in every two revolutions, if the speed is 
regular. If the engine is running too quickly, the cam, which 
is held in position by a spring, is thrown out of gear by a smaller 
projection, and misses the roller. The le\-er not being lifted, no 
oil enters the cylinder until the speed is reduced. 

LUde-Vuloan.— A more important petroleum engine, con- 
structed by Langensiepen of Magdeburg, and designed by 
Herr v, Liide, baa been tested by Professor Schiittler. It ia a 
horiziintal four-cycle motor, self-contained, Vithhufr-tube ignition. 
Although its advantages are somewhat counterbalanced by the 
many levers, iic., Professor Schiittler is of opinion that it is the 
arrangement of the parts, not their number, which makes the 
engine appear complicated. The aduiission, distributioii, and 
exhaust valves are worked by cams and levers. The exhaust 
lever is acted upun by a cum on the auxiliary shaft, parallel to 
the crank shaft, and driven from it by spur wheels ; the same 
shaft works the oil pump and admission valve. The ball gover- 
nor is fixed upon the crank shaft inside the driving pulley, and 
acts by cutting out the number of explosions. If the spetid be 
too great, it puahea forward a projection, which catches in the 
lever of the admission valve ; the valve is not raised, and no 
charge enters the cylinder. 

The most original parts of this engine are the methods of 
conveying the oil to the vaporiser, and the lamp. The ml 
descends by gravity from a petroleum tank above the cylinder, 
and passes through the suction valve of the oil pump, worked 1:^ 
the auxiliary shaft, which also regulates the descent of the little 
plunger pistoiL The stroke of the pump ia always the sam^ and 
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Ileliverfl an equal quantity of oil, hut the pump comniunicatefl 
with two deliver; valves and pipen. One opens a paaaage bock 
to the oil r«tiervoir above. The other liaB a nozzle attached, 

■ through which a certain (juantity of uil ia inject«d, at every 

■ stroke of the oil pump, into the air valve. Air enters at the 
It same tinie, the valve being worked by the same lever. The 
U propirtions of oil sent on to the vaporiser and motor cylinder, 
tf and iitturned to the reservoir, are determined by the adjustment 
t of a screw in the plunger of the oil pump ; the stroke i& regulated 
f by movinj; a handle. The oil being sprayed into the air, the two 
, pas8 into tb<; vaporising chamber below, communicating with 
I the cylinder. At starting, this chamber is heated by a lamp fed 

frvm a ■w-cund reser\-oir of petroleum spirit. As soon as the 
I «ngine is at work, the hent gciiemtoH by the explosionH is 

ntSicient to keep the vaporispr at a suitable tenipi'rature ; the 
unp on its stand is then drawn liock a little, and serves to heat 
a ignition tube of tlie ordinary tyjie, connected to the vaporiser. 

The lumji coDsiata nf a coil of pipes, in which the petroleum is 

coRvert«tt into gas by the heat of the flame ; the amount of oil 

L passing into it at a time is regulated by a screw valve, and it is 
oud to burn with very little carbon deposit. The engine runs 
)M a high speed, making in the small 1 j H.P. motors 6l)0 revolu- 
r minute. In tlie motor tested by Professor Schdttler, 
in speed was 325 revolutions per minute. The engine 
indicate G-7 H.P., and the consumption of petroleum, not 
icludin:^ the lamp (which requires J pint per hour), whs •( pint 
er H.P. per hour. The speciilc gravity of the oil used in the 
rial WU8 U'H28. Like most engines in wliich thn oil is gasified 
1 a se|iarate vaporiser, the poirta have to be lubricated in the 
rdiniiry way. 
The Home engine i.t made by G. Kiihn of Stuttgardt, under 
^e name of the "Vulcan." It was shown at the Frankfort 
ixhibition of 1^01, and the author saw it working well at the 
bigh speeds given. The consumpLiun of oil varies, aticording 
a tht^ mokent, from t'l lli. for engines of 1 to :i H.P., to about 
lb. in engines uf 5^ to 0^ H.I". These two last engines ore 
lllly illustrated in Zailgchri/t den V«reiiKS drtUsclier Ini/mieum, 
ft,UgDBt 2'3, iFl'Jl. 

An oil engine has Iteen recently patented bj- lirunler, of 
'jeipzig, having three cylmderti and pislons revolving round t*— 
rauk. Air, into which a jet of petroleum is ji^eoted, a. ' 
foto the c'ylinders at each stroke; the petroleuin ifiM 
raporised in a separate chamber. 
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Caldwell.— The Caldwell Chai 
H. W. C'alilwell i Son, l.'hicngw, i 
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either gas or petroleum. In the latter case the oil is drawn 
from a reservnir in the hase, oiid forced b}- a small pump, close 
to anil worke<l from the crauk ahaft, iuto a brass pan, where it is 
mixed with air in the proper praportions. The air is drawn in 
thruugh two pipes, and the admission regulated by the governor 
on the crank shaft. The engine works with the ordinary four- 
cycle, has a water jacket, and ignition by a hot tube heated by 
a small ga»>lene burner. A 95 I.H.l", engine is niuning at 
Camden, Unit«d Slates. 

PooB. ^Another American engine, working with either gas 
or light petroleum spirit (gazolene), is made by the Foos Uaa 
Engine Company, Springfield, Ohio. The motor is fired electri- 
cally, the connection and separation of the electrodes being 
eSected from the main shaft through gear wheels. No attempt 
is made to vaporise the oil, It is contained in a tank at the side 
of the enfpne, and air, previously wanned by passing round the 
exhaust valve, is drawn by the suction stroke of the piston through 
the petroleum vapour, which it absorbs in its passage to the 
admission chamber. The engine is of the usual four-cycle type. 

Kane. — Of the same class of motor is the Kane, built by 
Messrs. Kane, of Chicago. The carburator ia simply a small 
circular tank partly filjetl with light petroleum apirit, through 
which air is drawn, and is chained with oil vapour in its passage. 
No heat ia applied t« the air or oil. The engine is titt«d with 
reversing gear, and has been specially adapted for marine use. 

Hash. — An engine working chiefly with goa, and not fitted 
with any carburating or vaporising apparatus, is the Nash, miule 
by the National Meter Co., New York. As in some other 
engines already described, the crank is enclosed to form a cham- 
ber for compressed air, and the motor resemble.s the Day in 8om6 
respects, though not ao simple, and has an eiploaion every 
revolution. The charge is compressed below the piston, and 
passed up through a passage in the side of the cylinder to the 
top, where combuation takes place. Ignition ia by a flame, 
which is made to rotate in a circular chamber. 

Safety. — The Safety Vapor Engine, made by the Company of 
that nauie in New York, is a small vertical gas engine of the 
usual four-cycle type, wliich can also be driven with gazolene. 
It has one noticeable feature. The valve for admitting the 
charge to the cylinder and expelling the burnt products is a 
circular rotatory valve, worked by a chain revolving on a, pulley 
of twice the diameter of a smaller pulley on the crank shaf^ 
from which it is driven. Although hitherto made only in sizes 
from i to 6 H.P., the engine is intended for marine use, and has 
frictional driving gear for connection to the propeller shafl. 

Van Duzan. — A more important motor, made in several 
types, stationary and portable, for both gas and jietrolBuni, is 
built by the Van Duzen Gas and Oazolene Engine Co , of Cin- 
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engine ia horizontal, of tlie four-cyde type; the 
., ignition, and exhaust valves ara worked by rods and 
cams on an auxiliary abaft below the orank shaft, and revolving 
at half the speed. This engine ia fitted with a carburator, 
though no heat is used to vaporise the oil. Light petroleum 
spirit in contained in a chamber at the side of the engine. Air 
is drawn upwards into a vertical tulw below thia chamber, and 
lifts a valve, causing the oil to dow down and mingle with it, as 
it forces its way through another lift valve, and down the sides 
of the vertical carbumtor. The petroleum is vaporised hj the 
force of the air current, as it drops through gauze rings. At 
the end of the iidmissicm atrnke the flow of air ceases, the valves 
fall hack on their seats, and the supply of oil is cut off. Hot 
tube ignition is used, and above the chimney protecting the 
tube is u ball, which is said to act as a cushion, and disperse the 
waste proilucts in the ignition tube. This engine is especially 
adaptetl for portable motors. 

Sintz. — The Sintz engine ia mode in sIkcs from 1 to 15 H.P. 
by the Sintz Gas Engine Co., of Grand Hapids, Michigan. It 
closely resembleH the Day ; when intended to be driven by oil a 
small pump is added, which injects a fine apray of light petroleum 
into the compressed air, as it passes from the enclosed crank 
chftmlier to the upper part of the cylinder. 

Hicks. — The only noticeable feature of the twin-cylinder 
Hicks gas engine, made at the works of that name, Cleveland, 
U.S., is that the two cylinders are placed vertically one above 
the other, and are supported on the same frame. In other 
respects the engine follows the usual four-cycle series of opera- 
tions, but iiAving two cylinders, an explosion in one or the other 
is obtained at every revolution. 

Hartig. — A small vertical engine, in sizes from J to 8 H.P., 
is made by the Hartig Gas Engine Co., Brooklyn, New York. 
It is worked with gas only, and does not appear to have lieen 
adapted for petroleum. The usual four-cycle is employed. There 
are four valves — the governor, admission, ignition, and exliaust. 
The admission of the gas and air ia automatic ; the other valves 
are driven by rods, cams, and gear wheels from the orank shafL 

Trusty. — The Trusty oil engine has been taken up by Messrs. 
Connelly, of the Connelly Motor Co., and especially adapted for 
use on tramways. Several of the Chicago lines are worked with 
it, and it is largely used in the United States. The engine is 
the same as that already described at p. 312, but it ia fitted with 
mechanism for varying the contact pressure on the rails, giving 
the maximum on a curve or when starting the engine, and the 
minimum when running at full speed. The motor is also made 
to travel in either direction. The charge is fired electrically. 
There are two cylinders, and an impulse every revolution is 
obtained from them alternately. The motor now used (1893) to 
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induced to put an end to the mnnnjiol}'. At th&t time tlicre were 417 wells, 
with an aunuaJ output of 24.i>00 tons of oU, and tbe price of petroleum was 
£S, 10s. per ton. An exeige dnty was imposed until ISTi, since which d»te 
there has been tio tax or check upon toe development of the petrolenm 
industry. Thcfiriit oil fouutain wna "Blnick " in 1873, sad the abundant 
and continually increaaing supply hss reduced tbe price from forty-five 
kopecks to live kopecks per pood. The iiuml)er of drilled wells increased 
from 1 in 1871 to 400 in IKSS, and the proiluetinn of refined oii from IS, 400 
tons in 1873 to 206,000 tons in 1883. The price of knd in the oil district 
ronnd Baku has also risen enormously, and in 1884 it varied from lOs. to 
£2 per square sajene = T feet square. The specific gravity of the crude oil 
ia about 0'832 ; it yields 27 \>er ceuL of kerosene or ordinary lighting oil, 
having a flashing point of 3B' C. 

Iiol«rt NolicVT a Swedish engineer, started hijt first nil refinery at Baku 
in 1875. and was aoon joined by his brother Ludwi^;, who lusiiineil tho 
principal direction of affairs. The Nobels were the tiral to lay dnmti > |iipo 
tine, Bt a c(«t of £10,000, instead of conveying the oil in carta to the 
distilleries, and the outlay was covered in the first year. There are now 
seven pipe lines, two belonging to Nobel Brothers, three lu private Hnsaion 
firms, and two to companies ; 161 million gallons of oil ure thus conveyed 
yearly to the rctinerie.i. Being foreign*™, the Noliela had from tho first to 
■truKijle with severe competition from the Russian firms, and after laying 
down their pipe tine were next obliged to build their own steiiners to 
receive the oil. The Grrt oil or " cistern steamer" was construcleil iu tha 
Nobel shipbuilding yard at St. Petersburg, and appeareil on tbe Caspian 
in 1879. The firm have now a regular fleet of vessels, each holding about 
750 tons of kerosene, as well as twelve smaller distributing ships on the 
Volga. They have also established a system of tank can nn all the 
Russian railways, and possess twenly-seven oil depJjts at various chief 
towns in Itussia. More than fifty-four million gallons are sold hy them 
yearly, and they have over forty wells, one of which yielded, in 188^ 
112,000 gallons of cmde oil. The foUaniuK table xhowH (he out 
price of petrolenm from 1873 (the year after tbe mouopoly was t.i 
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AIR ENGINES. 

CosTE N TS. — Theory —Cayl ey— Butketi 
aeeond Engine — Hobinaon — Krii 
Jenkiu's Kegenerative Eogme— Bfuiur — DioaeL 

Theory.— In dealing with oil engiiiea, no mention has been made 
of tliB theory of lieat motors, and of their theoretical and actual 
heat efficiencies, itc, liecause iu these respects oil and gas engines 
are baaed on the same principiea. The ofTecta of an explosion of 
coa! Raa with air, or oil vapour with air, when mixed in the 
cylinder of an engine, are similar, and the temperatures, from 
which the beat etlicienciea are calculnted, are tbe same. 'When we 
consider hob air engines, the conditions are different. There is 
no explosion, and no great rise or fall of temjMii-ature. A certain 
quantity of heat is applied to air, which expands and drives 
a piston, doing work. No b«iiler is needed, nor is any cost 
incurred for gas or oil from a tank, tbe air as working agent 
being biken from the surrounding atmosphere. There is no risk 
of explosion from inflammable gua or oil vapour. No change of 
physical state in the working agent bikes place, and therefore 
all the heat generated and imparted to the air can, in theory, 
be utilised in work. The two main sources of waste of heat 
in gas engines are the cooling water jacket and the exhaust. 
In a hotrair motor there in no jacket (unless as a refrigerator), 
and therefore less heat should lie dissipated, and more available 
for work. From these considerations, therefore, it seems as 
though a hot air engine must he not only better in theory, but 
more economical in practice, than other forms of heat motor. 

Such, however, is not the case. Practically, hot air engines 
do not give results as satisfactory as might have been expected. 
Though tbe first engine of this type was designed in 1807, com- 
paratively few have since been made, and their construction haa 
not been much developed, except for special purposes. The 
reason for this neglect may probably be found in their low actual 
elficiency— that is. the amount of heat they turn into work. In 
theory the whole of tbe beat furnished to tbe air being utilised 
in expansion, a high ratio of efficiency sbould be obtained. 

22 
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Cayley-Buokett. — The earlieal hot air or caloric engine n 

liatrocluced hy Sir George Caylcy in 1S07, n.nd patented by h 
1837. The original design has been adopted by Mr. fiuckett, 
i practically the same engine is now made by the Caloi' 

Xngine Company. Fig, 126 givea a modified view of the Cayley- 

Buck ett Caloric engine. It consists of two distinct parts,!" 

boiler and motor cylinder of a steam engine. A is the world 
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the grate to the furnace B, whpre it stimulates cotnbuBtion. The 
reat paues through the upper part of the valve, enters abova 
the furnace at j\ as shown by the arrows, and mingling with 
the products of combustion, prevents the escape of unbnmt 
carbon. From here the hot air and products are carried off 
through the passage h into the motor cylinder, vliere by expan- 
sion they drive up the piston P. They are admitted through & 
lift valve V which, aa well as the exhaust valve E on the opposite 
Bide of the cylinder, is driven by valve-rods, levers, and cams 
fVom the crank nhaft K. Coal is fed into the furnace through the 



hopper H and the door D. Du 
top, to maintain the air pressur 
By opening the cock at ra portio 
and the pressure is equalised. 



ig this time the valve R closes the 
1 in the furnace during stoking. 
1 of the hot air enters the hopper, 
as D is closed. K is 



lowered into the furnace by the chain a. Combustion is regulated 
by passing more air, either under the furnace at g, or over it at/ 
If the speed is too great, the governor acts upon the cyllndrit^ 
valve, and checks combustion by forcing the greater jiart of the 
air to mingle with the products of combustion from the fire. 
The Cayley-Buckett engine has no regenerator, but by an 
ingenious arrangement the cold air, after being compressed in J, 
is led round the valve Y. admitting the hot air and gases to the 
motor cylinder. Thus the valve is kept cool, and the fresh charge 
of air heated on its way to the furnace. The air i)eing exhausted 
at each stroke, a closed cycle cannot be obtainecL 

Trials, — In a trial on a 12 H P. nom. double-cylinder vertical 
Buckett engine, the dilHcultiea of this class of niotfir were well 
shown. The gross I.ILP. wa.i 41-24 and the pump I.H-P. 21-04. 
Thus more than half tlie power was employ^ in negative 
work, leaving cinly 20-2 
11. P. for working the 
engine. The B.H.P. 
was 14-39, and me- 
chanical etHciency only 
7 1 per cent. The mean 
pressure on the pistons 
was 18-5 lbs., on the 
pumps 16-78 lbs. per 
square inch. The coke 
consumption was 2 54 11«. per B.H.P. per hour, and only about 
8 per cent, of the total heat supplied was turned into work. 
The engine ran at 61 revolutions per minute, the diameter of 
the working cylinders was 24 inches, of the pumps IK inobea, 
stroke 16 inches. Fig. 127 gives an indicator diagram of the 
engine. A motor similar to the Cayley-Buckett was described 
with illu.stralions in Enijhifering in 1887. 

Stirling. — The first application of the principle of the re- 
generator to heat engines is due to Robert Stirling, a Scotch 



Fig. 127, ^Bi 
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minister, who, with his brother ■Tnnies Stirling, an engineer, toolc 
several patents fur heiit motors, the first ilnting from \S'27. 
Stirling's double merits as an inventor have not until lately 
received sufficient recognition from scientific men, perhaps 
because he was, like many other pioneers, in ailvance of his 
time. He first endeavouretl to carry into practice the principle 
of a perfect heat engine (Curnot's cycle), and he also designed 
the regenerator. In a perfect heat motor the same quantity of 
heat is iui}>arteil to and withdrawn from the working agent, so 
that at tlie close uf the cycle it returns to its original state, and 
the series of operations may be reversed. Robert Stirling 
obtAined thia perfect theoreticul cycle by means of the second 
.great improvement he introduced, the use of a regenerator, iti 
vhich the heat of the working agent (air) is stored as it leaven 
I cylinder, and refunded afterwards, bs it returns to the 
nace. Many scientific men are of opinion that the proper 
.development of the principle of the regenerator affords the chief 
possibility of improving the working cycle of heat motors. The 
'X»generator has been ingeniously called a " filter," l)ec»u8e both 
the hot and cold charge are " filtered," or passed through it at 
their highest and lowest temperatures. It is iuiendetl M 
diminish as far as possible the waste i>f hent at exhaust. 
It acta by arresting and storing the hent remaining in the 
working fluid after expansion, instead of allowing it to escape 
to the atmosphere, and gives bock this heat to the next charge 
in il»! jMissftgo to the cylinder. The result is obtained in thia 
i by making the hot gases paag throuj^b thin metal plates, 
wipe gauiie, or other hent-abnorbing substances, to which thev 
Bve up their heat, and carrying the cold charge l>aek througu 
ine same metai to receive heat from it. 

Stirling's Pirat Sagine .^Stirling took out two patents for 
K)t air engines working with a rcRpnemtir. In the first, Hnted 
1827, he pn>p<we<l U< havr i . ' ' , .md piston, an air 

pump ami two hot air vcnn' i - ! 'i- cylinder and air 

Ipnmp were attached U} a \r ■ ing the crunk ; an 

eccentric and pamllcl moiiipn i-nf tin- »ii' \c^!ii-ls 

through (L Iwilanco licnm. I i -i 

c<)>itaine<l a plunger pi.stoii > ' 

the regencraWir, A furnn'i ' 

air, compressed by tlir air ) 
Mlmitted At Uie L,u.-u: u 
loss by Icnkagp. l.-\ ir- .■> 



flcept cold, an<l tlie n 
* 'Ucd, 'riie hot air | 
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piston and the pUton of one of the air vessela descended. At 
the same time the air in the other cylinder bein^ heated expanded, 
and by its pressure drove down the piston of the motor cylinder. 
Each time the cold air descended, it passed through the regener- 
ator, and became heated afi'esh. 

In Fig. 128 a modified view of this engine is shown. A is the 
motor cylinder and P the piston, B the air or displacer cylinder, 
and D a plunger piston working in it, F the space where the 
all- is heated by the fire. The plunger or displacer D is filled 
with brick-dust, or other n')n-comhustible material. The circular 
regenerator R is round I), niiii consists of raetai plates about 




p-'=f< 
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^'jr inch in thickness and j'„ inch apart. E is the refrigerator at 
the top of cylinder B, and is formed of coils of copper tubes 
through which cold water circulates ; the hot air from the dis- 
placer cylinder acts on the motor piston. The cycle of the 
engine is as follows : — When the displacer piston is at the top of 
cylinder B, all the air is below it in F, heated by ontact with 
the fire. As the air expands, its pressure is transmitted U> the 
working cyhnder, and it drives up the pj«t<m P. The displacer 
piston is now driven down, and forces Ihe air belnw, through 
the regenerator, into the vessel and refrigerator at the top of 
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cylinder B, While the dispUcer is in its lowest position, the 
motor jiiaton comes down. The itir in B, which has already 
deposited the (j^reuter uart of its heat in the i-eg«iiemtor, is 
fiirther cuuipreHsed, und piiHsea nround the refrigerator pipes E, 
where it in cooled, the heat from the furnace Itein^ shut out by 
^e non'Couductiug luaterlul in D. By the energy of motion 
left in the flywheel, D is lifted, and Deginning to rise forces 
down the cold air nbove it through the regenerator, where heat 
in added to it before it reaches the furnace. The motor piston F 
is driven up by its expansion, and the cycle recommences, 

Stirling's Second. Engine. — In Stirling's second engines 
introduce*! in IS-HJ, Piitont No. 8652, the regenerator 
refrigpriircir arn placed on 

aid I) i)f the cylin<ler. 

l'.2'J shows the arrange- 
ment, the puts are lettered 
MS before. C is the displocer 
cylinder, D the plunger, 
F the space below it, A 
the passage leading to 
tlie motor cylinder. V. 
ie the refrigeratt>r c^ooleil 
by water, I the passivise 
to the regenerator. The 
action of tlie engine is the 
some iLS before. There are 
oao mntor wnd two hot air 
-cylinders. The air is 
delivered into the cylinder 
by a small pump at a pren- 
aure of 150 Iba. per square 
inch, and passes through 
the regenerator* from one 
hot air cylinder to the 
other, driving the jiiobjr 
piston up itnd d< 
passage. There is 
baust, the 

used continuously, and u 
jycte is thus ob- 
tained. Tlus eiisine pliv 
senU in a otimpiLL-L funti the 
inuin principles of Stii'l i i\g's 
invention, and illuitrutea 
better than iiny other tyjie 
of niotur the construe- 
tion of a perfect heat 
(the funmee), the -■■ir 




heat on^ne wa8 the result, hut in practice it did 
ami only aljout 7 per cent of the total hemt 
utilinecl as motive power. A Stirling enf^ine iras 
machinerv for three years at the Dundee Foandrv. 
40 H.P., had a cylinder diameter of 16 inches, am 
and required alxiut 2^ 11m. coal per H.P. per boor. 
Bobinson. — A small en^ne embodjin^ Stiiiii 
has l)een bniught f»ut by Robinson, and made br J 
«k Co. of Manchester. It is very compact, witb 
single-acting cylinder containing two pistons. Tli 
displaces and regenerator, and is filled with irire 
in the same way as in the Stirling engine. The 
cylind(*r in which the displacer moves to and fro 
firo-hrick, to n»tain the heat. In the upper par 
cylindfM* is th(; working piston, and here the cy 
nmiich'd hy a water jacket, to serve as a refriffera 
jMHtons work through connecting-nnls on two difle 
right unglf's to c»ach other ; the crank of the d 
lulvarKM* of the motor crank, and the displacer-rod i 
a stutliiig 1m)x in the motor piston. Instead of a g 
in which much heat is di.sHi])ated, the temperature 
ing agent is raised by a Bunsen burner, fed with ; 
passing through a jacket outside the chimney cai 
proilucts of combustion. When the displacer pis 
top of its stroke, all the air IkjIow it is heated b^ 
exiMinds, and drives up the motor piston. As ' 
comes down, it forces the air t<> |>ass through th 
into the space alnne, In'tween the two pistons. So 
has alrciwly been carried off by the regenerator, a 
furtluT c<M)led bv contact with the cold water i 
n^frigorator. The pressure falls, and the workinjr DU 
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5 iacheH, A drawing of thia engine is given in Professor Jenkin'a 
valuable paper on " Gaa and Caloric Engines " {Proceedings of (he 
InstituCion of Civil Etufineem, 1883), frum wliich many details 
of thia and other bot air engines have been taken. 

One chief reason for the low pressures and small amount of 
work obtained from the Istirling, and its failure as a practical 
engine, was that the air was not brought into direct contact with 
the heat of the furnace. In the displacer cylinder, a. thin metal 
plate intervened between the fire and the hot air, the bottom of 
which was soon burnt by the great heat. There is no exhaust 
in engines of this type, the air being used oi'er and over again, 
and the pump only replacing loss by leakage, but this advan- 
tage is counterbalanced by the difficulty of heating the air. In 
the Cayley-fiuckett engine it is passed through the furnace and, 
mingled with the products of combustion, drives up the motor 
piston, and is exhausted after expansion, as in an ordinary beat 
engine. 

Eriosson. — The latter type of motor is best exemplified in the 
celebrated engine produced by Ericsson in 1826, Ah an engineer, 
Ericsson was a genius not inferior to Roljert Stirling. During 
the first half of this century he introduced numerous mechanical 
inventions, and is saiil to have designed the first screw propeller. 
In his engine hot air was used in conjunction with steam. It 
was drawn into a furnace below a steam Ixiiler, and after produc- 
ing combustion of the fuel, and evaporating the water, it was 
carried off, together with the products of combustion, and drove 
up the piston of an air cylinder by its expansion. On its way it 
passed through a regenerator. In an alternative engine described 
in the same patent, it was proposed to mix tlie products of com- 
bustion and the hot air with the steam, and admit them alter- 
nately at either end of the motor cylinder, as in an ordinary 
ilouble-octing engine. Ailer expansion, they were exhausted 
into the atmosphere. Thus the heat was applied directly to the 
air. Of course it was impossible to use tlie air over again, since 
it was required fresh at every stroke, to support combustion. 

These two engines, the Stirling and the Ericsson, form two 
distinct classes, into one or the other of which all hot air engines 
can be divided. In the first, the air does not come in contact 
with the flame, but is heated by conduction and by the regen- 
erator, and is not discharged at each stroke. In the second, it is 
applieil directly to feed the flame, and, mingled with the products 
iif combustion, produces motive power by expansion, after which 
it is exhausted. In Iwth engines the practical heat efficiency, 
as compared with the theoretical, is very low. Admirable 
as types, they cannot, for the amount of heat they turn into 
work, be raidced with gas, oil, or steam engines. The cbief 
reasons fur this deficient utilisation of heat have been already 
explained. A lai^ quantity of heat must be added to the air. 
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before its tempernture is high enough to produce a proper word- 
ing pressure. This nPcessitotes large cyhnders, that a sufficient 
volume of air may lie heated, and their bulk, weight, and friotion 
are seriuua drawlxicks to the extended use of heat motors of this 
type. In a Stirling 3T H.P, engine, the maximum temperature 
was only 650' F., and the weight I ton per I.H.P. The con- 
sumption of coal per effective H.P. ia alao very great, especiiUly 
in engines of the Ericsson type. 'J'he 600 H.P. engine originally 
made hy Ericsson was said to consume 6^ lbs. coat per H.P, per 
hour, the heating surface of the regenerator wfts 4,900 square 
feet. Another of jf H.P. was used for thirty years by the Trinity 
House authorities on board a lightship, and for driving a fog 
signal was found to give good results. In the Erictison eugme 
tested by Professor Norton, the I.H.P. was 321, and consumption 
of anthracite 1'8 lb. per I.H.P. per hour, hut there were four 
motor cylinders, each nearly 14 feet in diameter. These two 
air motors form the standam types, fiallowed more or less closely 
by all other hot air engines. 

Wenhun. — The Wenham engine, introduced about 1873, i 
in some respects similar to the Buckett, The mottir is c 
the Ericsson type, and the air is heated by forcing it through 
:i furnace lined with fire-brick, after which it passes t^i the 
vertical water-jiwJteted motor cylinder, driving up the piston 
by expansion. The distinctive feature of the engine is that 
the upper surface of the motor piston is used as an air pump. 
Air is admitted into the top of the cylinder through am 
automatic lift valve, when the piston is in its lowest pontioD, 
nnd the pressure has conae<]uent]y fallen. As the piston risso, 
forced up by the expansion of the heated air from below, the 
pressure cl(«eB the valve, and as soon as the air is 
pressed to 15 lbs., it forces open another lift valve, and [ 
to the furnace at the side. In the passage thnmgh which it 
is led otF ia a valve, connected to the centrifugal governor. 
Here the current of compressed nir ia separated, part pasaing 
over and part beneath the tire grate, to stimulate combustion. ' 
The governor regulates the proportions of the two, and thus the 
rate of combustion, and the pressure of the air delivered to the 
motor cylinder. Oi-dinary coal is burnt as fuel. The hot air, 
after passing upwards, is led off, mingled with the products of ' 
oombustion, and admitted to the Imttom of the motor cylinder 
through a lift valve, worked by a cam on the main shaft. 
A similar cam operates a second lift valve for the exhaust. Th« 
admission and discharge ports are both at the bottom of the 
cylinder. The engine is single-acting, the expansion of the hot 
air drives up the piston, it descends by the motion nf the fly- 
wheel, an<l by the pressure of the air stored alwve it, and drives 
out the burnt pi-oducts. There are two piston-rods, both work- 
ing on to the same crank shaft. The consumption ia siud to h* 
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■ muoh aa 8 Ibn. of ciwil per H.P. per hiiur, which ia probablr 

I reason why tbeBC cnj^iiea have not Kitherto been mucii 

id. A description with drawings will !» found in I'rot. ImL 

Meek En<i». 1873. 

Bailey. — The Bailey engine, shown at Fig. 130, is i»nstruct6d 

a the Stirling principle. The products of combustion pass tmax 

» furnace to the displacer and power cylinder, where they 

tingle with and heat the air, driving the piston. The cylinder 

B horizontal, but in most respects, and especially in the arrange- 

tnt of the regenerator, the Bailey resembles the vertical Bobin- 

1 engine. There is one long cylinder, Aj, the cnmk end of 

riiich, closed by the piston, is suiTOunded by a water jacket, 

i acts as a refrigerator. The other end serves as the heater 

■ad regenerator, 'i'his cylinder contains two pistons — P the 

notor, working on to the crank by a connecting-rod, e, and series 

if levers, iind Pj the long displacer, the connecting' rod of which 




Fig. 1,W.— Bttiky Hot Air Y.d^dv. 

. throngh the motor piston, and works on to a separate 
BTonk at right angles to tlie main crank. The displacer P, does 
lU>t fit closely into the cylinder A^, but a small passage is left 
ilietween them, shown at D. This piston is used merely U.< cause 
the air to travel backwards and forwanls in the cylinder ; all 
the work, including that of driving the displacer, is done by the 
fnotor piston. At H is a steel casing enclosing the inner end of 
HOr cylinder ; F is the furnace. The hot gases and products of 
OOmbustion puss upwards from the furnace over the fire bridge, 
in the direction of the arrows, into the space U ronnd H, and 
the l>urnt producta are carrie<l off through the flue C. The air 
finclosed in the space L (wcomes highly heated, and drives out 
the displacer. As it reaches the narrow opening D, it is chilled 
by the water jacket, and before it has [Miaaed into L, on the 
other aide of the displacer piston P,, it has parted with all i 
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heat. Aa the sii 

piston and display 

is drawn bock into the space L, to be reheated first hy the steel 

casing, then by the furnace gases. Thus the heat is added when 

the temperature of the air has alreaily been raised by the hot 

end of the cylinder, and withdrawn by the refrigerator after it 

ban been cooled by expansion. 

The Bailey engine ia sai<t to be bujieil on the designs of M.M, 
Lehtnanu it lAubereau, but it is really iin English etigine, strictly 
modelled on the Stirling type, though the idea of a regenerator 
is not much developed. There is no exhaust for the hot air, 
which is used continuously, and the loss by leakage is replaced 
from time to time through a small valve, when the pressure falls 
below atmosphere. The absence of valves is an advantage in 
this class of engine, Iwcause the great heat necessary to obtain a 
working pressure soon wears them out, and causes them to become 
loose. As the air is introducetl direct from the surrounding 
atmosphere, and no ennipresBii)u pump is used, the maximum 
pressures are very low. The following details of a trial from 
Professor Jenkin's jiaper on " Gm and Calorie Engines " gives 
the working of a Bailey iiot air engine: — The speed was 106 
revolutions per minute, and the engine indicated 237 H.P. ; the 
mechanical efficiency was 56 percent., the brake H.P. being 1-31. 
The stroke was 6^ inches, diameter of cylinder 14{| inches. The 
highest pressure obtained was 14'7 lbs. per square inch alxive 
atmosphere, and the temperature at this pressure was 823° C, 
The consumption of 
coal was said tji be 
under 10 lbs. per 
hour. Fig. 131 
gives an indicator 
diagram taken dur- 
ing this trial. The 
engine works easily 
and steadily, and 
requires scarcely 
from 1 to 3i H.P., 
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Fig. 131.- 



any attendance. Messrs. Bailey make 

at speeds from 120 to 80 revolutions per minute. 

The figures of the trial show that to obtain a pressure of only 
one atmosphere, a relatively high consumption of coul and high 
temperature are necessary. These are partly owing to the trans- 
mission of the beat through metal to the air. But the ditfioulty 
13 ni>t removed by passing the air directly over the fire, a« in the 
Ericsson engine, and driving the piston by the expansion of the 
hot furnace gases. Since the air must be discharged at every 
stroke, fresh air is continually introduced, and much of the heat 
obtained is wasted at exhaust,. It has also been found that the 
air, in its passage through the furnace, becomes charged with grit 
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' ' and unburnl carlwn, which score the valves and puaanges, and 

■ cause friction and wear of the working parta. 

■ Bidor. — The Rider is an ingeniuua little hot air engine brought 
kl out in America, and made in this country by MeKsra. Hayward 
P & Tyler. It is a compact and handy single-acting motor, and is 
tt used for donipstic purpostiH, and to putnp water. It presents 

almost all the features of the Stirling type, the regenerator, the 

A furnace l)elow heating the air through metallic walls, with no 

^ exhaust or other valves. There are two vertical cylinders, as 

shown at Fig. 132; one is heated by the furnace beneath, the 
H other ia kept cool by a water jacket. The some air is used 
t continuously, and is posse*] alternately from one cylinder to 
l) the other. TTnlike tlie Stirling, however, the motor pixtfln is 
f placed in the hot cylinder of this engine, and it is here that the 
f power ia developed. A is the working, and li the second cylinder, 

1 which acts OS compressor, displacer, and refrigerator. Each has a 
) plunger piston of unequal stroke and diameter, F and P,, working 
[ thriiu^-h connecting-rods, J and J,, on two cranks on the niaiQ 
I shaft, carrying the flywheeL The cranks are set nearly at right 
^ angles, 'i'he cylinders are open at the top, closed only by the 
, pistons. W is the water jacket surrounding the compression 
I cylinder B ; the piston of cylinder A ends in a concave cylindrical 
1 part, F, over the furnace, round wbicli the hot air circulates. 

I Between the cylinders is a passage containing the regenerator R, 
formed of a number of very thin iron plates. As the air passes 
through this regenerator it either takes in or gives out heat, accord- 
ing: to the direction in which it is going, whether from the hot to the 
cold cylinder, or bock again. The fire at G greatly heats the air in 
the space above it at F, and forces up the piston P by expansion. 
Meanwhile the displacer P, is at the bottom of itn stroke, it then 
begins to rise slowly, drawing over into cylinder B, by its suction, 
I part of the hot air in A. Until this air is completely cooled. 
Kits pressure helps the ascent of piston Pj. When the motor 
(iston P has reached the t^ip of its stroke, the other plunger is 
■ ' 1 half way through, and as P descends, it displaces all 
r in cylinder A, and drives it into the cold cylinder B, 
*ougli the passage and regenerator B, where a large portion of 
uHb beat is deposited, The air, already reduced in temperature, is 
ifbrtber cooled hy the water jacket W, its pressure falls, and the 
hplunger piston P, descends, compressing the cold air >>elow it. It 
^Ot during this period — the lost part of the down stroke of P, — 
B^at the flywheel does work, there being no air in the hot 
Fcylinder to act by expansion, but the power exerte<l during this 
compression stroke is not nearly as great, as the power previously 
developed by the expansion stroke in A. By tlie time the 
plunger P, has reachc<l the end of its stroke, the motor piston 
has liegun to riw, and the air ia again displace<l and transferred 
I from the cold to the hot cylinder. As it posses buck, it absorbs 



■ &o 



390 AIR ES'GINES. 

heat from the reRenerator, and more heat from the concave part 
F in the moti)r [■JsUm, which forces it against the hot walls of A. 
When it reaches the furnace the cycle rewimmeiices. 

The chief peculiarity of the Kider engine is that the motiTS 
power ia not only generated but exerted in tlie hot cylinder. 




B the furnace. Tliis in not a desirable arranKement. In all 
biB various designs, S'tirling was careful to keep the motor cylinder 
cool, and even in the modificvitionB of his engine where all tbe 
opemtiouB take place in one cylinder, that part of it cont& 
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tie working pisUiii is cooled by a ■water jacket The Riiler engine 
is mostly niade in aizcsfrom 1 H.F. and leas. Q'he speed 18 from 100 
to 140 revolntions per minute, and the maximum pi'essure about 
20 ILs. above alinosphere. The ctinsumption of coke varies in J 
and 1 H.P. engines from 25 lbs. to 18 lbs. per B.H.P. per hour. 

Jeakln's BggeneratiTe Engine.^A bot air engine an the 
Stirling principle, with a regeueratiir, Imt in which hnt air pasBCa 
directly over the furnace and, mingled with the prixlucts of 
combustion, drives up the piston, was introduced by I'leeniing 
Jenkin. In the first type of hia Fuel liegeueinlive engine, 
patented in 18T4, coal giia and hot air were used together to 
form an explosive chai^. This vertical engine had a combustion 
cylinder with displacer piston, a motor cylinder with working 
piston, and two pumps for compressing the air and gas, all driven 
from the same crank shaft. The combustion cylinder is lined 
with fire-brick, and has below it a duinilier funned by the clear- 
ance space, and continually maintained at a white heat by the 
explosions of compressed gas itnd hot air taking pbice in it. The 
displacer piston contains the regenerator of fine wire gauze, as in 
the Stirling eu^ne ; at the top of this cylinder is the cooling 
chamber. The air from the air pump is driven into the upper 
part, and forced downwards through the regenerator by the dis- 
placer pisUin OS it rises. In the combustion chamber it mingles 
with the coal gas or petroleum admitted into the cylinder by a 
second pump, uud the compressed nir, already heated by its 
passage through the regenerator, produces tlie ignition of tha 
charge. The hot gases and products of combustion expand, and, 
entering the bottom of the motor cylinder at a high pressure, 
force up the piston. The exhaust gases are passed through the 
regenerator before being oUowed to escape into the atmosphere, 
A drawing of this engine will be found in Hobinson. 

A second regenerator engine, designed by Professor Jenkin 
and Jlr. Jameson was described, with drawings, in Professor 
Jenkin's paper already referred to, Here tlie object was to 
construct an engine of the Stirling type, but in which the heat 
was directly tiiuiRmitted to the motor pistun. One cylinder only 
was used, the upper part containing the retrigemtnr, and the 
lower the regenerator. To keep in the heat, it was found neces- 
sary to line, not only the clearance space, but the cylinder itself 
nuteide the regenerator with non-conducting refractory material. 
Great difficulty was experienced in dealing with this substance, 
owing to its porosity. I'he inventors were finally obliged to use 
a fire-brick lining of great thickness, and a separator or metal 
plate, dividing it into two parts. Eveik with these precautious 
the clearance space was much too large, and there was conse- 
(|ueiit!y greot loss of pressure. To work the engine a coke fire 
was made below the cylinder, and the air as it became heated 

3TO np the pump or displacer. As it expanded, it ] 



cooled by contact with the refrigerator or water jacket, at the 
top of the cjhnder. The contraction of the cold air caused it 
to pass downwards again to the fire, and heat was restored from 
the regenerator, and from the fire-brick lining of tbe clearance 
space. This enjiine did not go beyond the experimental stage. 

Benier.— MM. Benier, whose gas engine is mentioned at p. 
70, brought out in 1886 a Lot air motor, which appears to have 
met witii <x>iisiderable success. It is a vertical single-acting 
engine ; the piston-rod works through a horizontal beam on to 
the connecting-rod and crank. Fig. 133 gives an external view. 




Fig. 133.— Bdnior Hot Air Engic 



There is one motor piston, with furnn<ye below ; the connecting 
rod and crank shaft are shown to the left in the drawing. 
Another rod workH the horizontal air pump, seen through the 
opening iu the base of the engine, by means of a rocking lever. 
The air pump i.s single-acting, and sends a current of air at each 
stroke to the furnace below the cylinder through a slide valve. 
The valve works between a slide iace and cover, and baa open- 
ingij corresponding to ports in the cylinder. It is driven by a 
com on the crank shaft actuating a lever, and is held in position 
by springs. The centrifugal governor inside the central column 
is worVeil by a pulley on the crank shaft. It acts through 
a small lever, a series of nida, and a disc, upon a small 
crank Iwlow the air pump, and closes the air opening from 
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pomp to the furnace more or leaa according to th» 
A Bpriog niainlaias the diac and crank ta position. 
lir is drawn cold into tbe air pump, and delivered 
fe a pressure of 15 lbs. per square inch into the furnace, where 
1 expands and acts directly upon the piston, as in enginea 

S the Ericsson type. The greater part passea downwards to the 

grate, but part is ingeniously introduced into a small groove 
Bollowed out in the cylinder. The motor piston is very long, 
and the loner part is mode slightly smaller than the cylinder, 
and doea not exactly fit it. In the space thus formed round the 
lower end of the working piston, the current of cold air circulates, 
keeps the piaton cool, and prevents the escape of dust or unburnt 
carbon from the furnace below. The exhaust is on the other 
aide of the cyhnder. The products of combustion are discharged 
through an ordinary lift valve, raised aa the motor piston begins 
to descend, by levers acted on by a cam on the crank shaft, The 
fomoce is fe<l automatically by means of twn hoppers. The 
proper quantity of small coke for each charge is conveyed from 
one to the other, and tbe second hopper, shown to the right in 
the drawing, iliscbiirges its contents into a port in a slide valve 
vhich, in its onward motion, shoots the coke down into the 
furnace. Tiiis distributing slide valve is driven by wheels from 
the crank shaft, and holds the grnte hermetically seated <luriug^ 
expansion luid the ascent of the piston. 

The li^iiier appears to be one of the siroplest and most efficient 
if the hot air motors, and retjuirea no attention beyond cleaning 
fat the grate once a day. For coast fog signals it has been tested 
1 approved by the Trinity House Authorities, and is much 
in France. Although it works without a regenerator, it 
gives fairly economical results. A 7 H.P. engine woa shown 
at the Paris Exhibition of 1889, in which the consumption of 
coke was about 2 Iba. per H.P. per hour. In a C H.P. engine 
the average consumption, with varying loads, was 3 lbs. coke 
per H.P. per hour. A comiilete and careful test on a 4 H.P. 
nominal engine was made hy Professor Slaby at Cologne in 
December, IS87. The speed of the engine was 117 revolutions 
per minute. The total indicated work in the motor cylinder 
was 9-23 H.P., pump 3 38 H.P.; available power only 5-86 H.P, 
The B.H.P. was 403, and mechanical efficiency 09 per cent 
The conaumption of coke was 3-G lbs. per B.H.P. and 31 lbs. 
per I. H.P. per hour. All the items of heat expenditure were 
carefully noted, and it was found that only C per cent, of the 
total heat supplied waa transformed into useful work. The 
kkers give the consumption of coke at from 3'3 lbs. to 3-9 ibs. 
r H.P. per hour. The engine is mode by the "Socifiti 
' "oaise dea Motours il Air Chaud," in sizes of 4, 6, 9, 13, 
^.P, Some of these hot air engines are working in 
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Diesel. — A new motor has lately been patented in Germany, 
England, and other countries, by Herr Diesel, of Berlin. It is 
still in the experimental stage, but the inventor hopes to obtain 
a very much greater economy of heat than has hitherto been 
reached. It is a single cylinder, vertical, single-acting engine, 
without a water jacket, employing the Beau de Rochas four-cycle, 
and designed to run at a speed of 300 revolutions per minute. 
The principle of the engine is as follows — Air is compressed in 
the motor cylinder by the up stroke of the piston to a pressure 
of from 90 to 200 atmospheres, equal to about 800* to 1000° C. 
Into this highly compressed and heated air a small quantity of 
^ely-powdered coal, gas, or oil is introduced at the dead point ; 
spontaneous ignition of the inflammable mixture immediately 
takes place, and the piston is driven down. The inventor claims 
to utilise about 35 per cent, of the actual heat supplied in useful 
work, and experiments are now being made with a medium sized 
motor in Grermany. A full description of the new theory of 
•combustion on which this engine is based, will be found in Herr 
DieseFs new work, Theorie and Konstruktion einea Rationdleii 
Wdrmemotora, [Julius Springer. Berlin, 1893. 
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SECTION A. 



PROFESSOR CAPPER'S GAS ENGINE TEST. 
DtctmUr, 1892. 

[ Tdk author hM been kindly permitted to pnbliBh the following eiperimeot 
I iDwle oD a T H.F. nom. Crouley-Otto eoKine, at whii;li h« was present, 

The trial was carried out at the King^ College Engineering Laboratory 
I by Profeasor Capper. Annexed it his report:^ 

A seriea of trials haa lately been carried eut in my tal>oratory with 

I ft 7 N.H.P. Otto aaa engine, constructed on the Beau de Rnehu cycle by 

Heaars. Croialey Brothers, and in one which I maile ou the 7th Deoember, 

1892, interesting particulars were obtained aa to the coinpoaitioD of exhanat 

][ases, and the tratumisaion of heat through the cylinder walls. 

The engine was built in December. 1891, and completely fitted up tor 
experimental purpose*. Ignitioa la accom]iliahed by a. red-hot tube and 
timing valve, as described in the report ou the Sooiety of Arts triala, and 
the pcodulum jjovernor acta upon the admiaaiou valve, cutting off the gM 
aapply when the apeed becamea too great. At full |>ower there ia an 
expIoBion every two revolutions. The diameter of the cylinder is S'5 ioohea, 
and the stroke IM inches. The trial on 7th December fasted for two houta, 
the broke horse-power being 11-33, and the revolutiona ISIZ'5 p«r minute. 
With Tl'2 exptoaiona per minute, about three- quarters of the maximum 

Kwer waa thus developed. The principal obaervntioni were taken every 
B minutes, and it was intended to take indicator diagrams at similar 
intervals, but thia was found impossible, owing to the neceaaity of changiDK 
indicator aprini;* when diagrama for the pumping stroke were obtaiaraT 
niere were thus nine diagrams taken eacb hoar with a Crosby indicator 
«nd rh 'pring (ISO lbs. = 1 inch). For the pumping stroke a second 
Crosby indicator was naed, with ^ spring, and both gave reliable diagranu. 
A copy of the pumping stroke diagram ia given at Fig. 134. 

' toe accompanying tables, the averages for each boor and for the whole 




period of two hoars are given, and also copies of the indicator diagram 
nearest to the mean. For the pnriiose oE calculation, a mean diagram, the 
ordinatcs of wbicb ate the mean of the corresponding onlinatei of all the 



o auumed. 

The axpsnaion CDrre (dotted) correapoodB to tlie eqnation p x 
ooa»t*iit. Mid the compreMJon curve (dotted), p x i^""-- = eooBtai 
will be teen that they both very closely approximate to the actoal ci 
the meui diagrams. 

The net work done with the ideal diagram A,B,C,D,E (see Fig. 
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Fig. 135. 

6,094 ft.lba. per stroke, aa compared with 6,34fi ft.lba. from the 
iudicator diagram. 

Indicated Horse. Power.— The meaa preMvre was 74 'OB lbs. duri 
working stroke, and the correnranding indicated horse-power ia 
AllowiDg for the work eipendea during the pnmpijig Mroke, whii 
responds to a mean pressure on the piibw of 2 lbs. per sq. in., t 
indicated horae-power was 13'32. 



(-A8 RHOINB TRIAL. 

I Brake HorBs-Powar- —For abEiarbinii the povror, the flyirlieel in» fitted 
I with the usu&l rope brake, having a weight at one end snd n Hpring biilaaaa 
ftat the other. A double rope was wound once completely roLiDd the oircam- 
KjMence of the wheel, and the two portions were bept nparb by woodeo 
B^tance pieces aitaabed Co the copa. A little praffin oil was used ocowioa- 
vallj as a lubricant for keeping the wheel oooi, and the whole worked verj 
BstMdily, there being very little Hiicbnation on the roEidLag oF the ipring 
■NJodoo. The brika h'.rae-power was, m already stated, 11-33, and oor- 
wpoads to a mechanical etBciency □£ ,ni^f ~ SS-OB per cent. In other 
irordt, theR.II P. wa* equal to 85 per oent. oFthe LH.P. 

Obs Ooosumed. —The gss wu meaiured throngb a lOO-light standard 
_ «ter. m Silo by Messrs. Alex. Wright * Co. The same roetor waa employed 
.•t thu !4ewcast1e and Society of Arts trials. 

LS.F. todrlvaBoglnealoDe.— This ii the JlKrence between the B.H.P. 
UidChe I. II. P., and at llt-2'5 revolutions = 1-09 H. P. 

Jaoket Water Tor Ooollug tlie Oyliuder. —This was measured by running 
kter tbrongh the jacket to waste from two tanks, previously verj 
trefully calibrated. Readings were taken every live minutes on gaug* 
lasses litted with graduated scales. 

CalouiatlOQi for Alruied.— The quautity was not actually measured, but 
u been •Ictermined by the folio wint; indireut method ; — 
The moter temperature being r>V'0 F. and the pressure (1*63 inches ot 
lAer above atmosphere) - U'HS lbs. per Bq. inch, the specific volume of 
te gas under these conditions would be — 



* jBTHT. ■HWita.j . 



34-87 cub. ft. p 



(144'l = the uoiutODt = the diOerenoe in Ft.-lbi. between the speciilo 
heat at constant pressure (E^) and the specific beat at constaut volnm* 
(K,) for Undon cool SOS.) 

2T9'75 cub. ft. were puted through the meter per hoi 
279-75 cnb^ ft. ^ e:<plodon. 

Hi mm. X 71-2 «Xf. "^ "^ 

^^ = -001877 lb. per explosion. 

Assuming that its temperatnra after admission to the cylinder is = 1 45' F., 

or rather higher than the exit temuentlure nf the jacket water (see Table 

IIL). and that ita pressure, as shown by the pnnipiiij; diagrams, was 

~ "a lbs. per aq. inch, the gu would then have a specino volume 

lad woul<l occupy n total volnm- ' ! ■^ ! 

The volanw ef the oylludu . : - 
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and its specific volume under the same conditions of temperature and 
pressure — 

63-35 X 606' abs. ,^ „ , ,, „ 

= 13-8 lbs. X 144 = ^^'25 cub. ft. per lb. 



g 



53'36 is difference in ft. -lbs. between specific heat at constant volume, 
130 '20, and specific heat at constant pressure, Kp 183*65 for air.] 

. *. the weight of air present = |^:hr = '0465 lb. 

0-04650 air. 
and the total weight of gas + air ^ ^'^^^ «»«. 

0-04838 lb. 

rru X. air , , -7656 9*188 
The ratio — = by volume -rr^^ = — j— . 
gas '' -0822 1 

, . , ^ -0466 24-775 
„ „ = by weight ^^jjgg = —J—. 

After combustion, the specific heat at constant volume (KJ, and specific 
heat at constant pressure (R ) will be by Grashof s formulae — 

Their difference — 
(K^ - K^) = *c = 55-40 ft. -lbs. 

and the ratio — 

?£_-^_??L75- 1.3785 
KT" ^ " 146^ " ^ 

Temperatures in Cylinder. — The temperatures calculated on this basis 
for the several portions of the stroke will then be as follows : — Assuming, 
as above, a temperature of 145° F. for the gas and air after admission to the 
<r^linder at A on the mean diagram, and taking the pressure given on that 
magram, we shall have a temperature at B after compression : — 

~ 53-35' 

if we assume, as is probable, that the mixture behaves in compression 
approximately as air. 
The pressure (p) a 67-8 lbs. x 144 = lbs. per sq. ft., the specific volume 

,„) = ;^l .lf'1"^'^\ • -, = 6-m cub. ft. per lb. 
-04838 (weight of gas and air) '^ 

,^^ 67-8 lb,. X 1^x6-099 cub, ft. ^ 333. ,^ ^ j, 

53-35 
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= 3,302* ».ht. « S,S42° F. 



= 3.603° alM. = 3,013* F. 



At E, where the pressure on the ide»l expuuion curve = IS'Tl lbs. par 
n. JQuli. u»l the volumo occupied > '8377 cub. ft., the spcoifio volnme of 
t£a -OMSS lb. of giu ami nir 



' -04838 cub. ft. 



= 17-31 cub. (t. ]«rlb. 



13-69 I.H.P. 



1 3 68 X 33,00 
" " 7la 



11,315 ft.-lbB. per esploa 



tamed into work. 

Multiplying the water pMseil through the jkcketa for e&ch Gve miDutet' 
interTal by ibe GorrMfwii(Ung riae in temperature, the meui taXw o[ Uw 
hot rejectdd through the jackets per enplodoD = 10,825 ft.-lbi. 

The heat rejected in the exhaust will evidentt; be equal to the diRerenca 
between the intemal energy of the giues uo'ler coDtHtiona E ami A, 
although it mitat he ooteJ that Bome portion of tlie lieat thua calculiitad 
will pasK iato the jacket water during roloose, and will thus be revkoned 
twice over. The heut account on this basia idiould, therefore, over- 
balance. 

The heat rejecl«d in eihauat will be— 

I X -0483H = 11,245 fL-lbl. 

eak upon this quantity, the reception (if heat from B to C kt 

K -04888 tb. -146-30 {Z.369] x -01838 = 16,770 ft-lba. 
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The work done during compresBion where p v ^'^^ is constant 

JPi ^ - ^2 3 = i^ = (67-8 lbs. X -2467 clearance - 138 lbs. x 8377 total 
vol. ) (where n = 1 302) = 2,465 ft. -lbs. 

Adding together the heat received, 

16,775 + 1,971 + 2,066 = 20,812 ftlbs., 

and subtracting the total work above zero pressure, 

6,345 ft. -lbs. + 2,465 ft. -lbs. = 8,810 ft. -lbs., 

we have 20,812 - 8,810 '.== 12,002 ft. -lbs. as the remainder rejected, calcu- 
lated from D, where ex|)an8ion commences. During expansion the loss of 
internal energy 

=K. (3,503' - 2,19r) -04838 lbs. = 146*35 (1,312) 04838 = 9,288 ft. -lbs. 
The work done 

= aj'i_^f_l5. ^here „ = 1-374 = 240 x ( -2617 - 48-71) x 837 7 ^ ,^ 
n - 1 '374 

= 8,470 ft. -lbs. 

The difference between these Quantities will evidently have been passed 
into the jacket or lost by raaiation, and will, therefore, have to be 
subtracted from the above 12,002 ft. -lbs., in order to give the internal 
energy remaining to be disposed of at E. 

12,002 - (9,288 - 8,470) = 11,184 ft.-lbs., as compared with 11,245 ft.-lbs. 
by direct calculation. 

Heat Account. — On the Dr. side of the account we have the heat 
developed by the perfect combustion of •001877 lbs. of gas per explosion. 

In order to determine the calorific value of the gas, samples were taken, 
imder mercury, at intervals throughout the trial, and analysed by Mr. (r. 
H. Huntly, A.R.C.S., of the State Medicine Laboratory, King's College, 
London. The analysis is given in detail in Table V. The calorific value 
is shown in the last column of this table. Taking this in round numbers 
as 19,200 B.T.U. per lb., we have for the perfect combustion of 001877 lb. 
of gas per explosion, '001877 x 19,200 x 772*= 27,820 ft.-lbs. developed 
per explosion, and the heat account works out as given in Table V. It 
will be seen that the Cr. side overbalances the Dr. side by about 2^ per 
cent., from the unavoidable double reckoning of a portion of the heat 
credited to exhaust. 

Analysis of Exhaust Gases. — In Table VI. will be found the analysis of 
the exhaust gases. These were also carefully 8amr)led under mercury. It 
«will be seen that they are quite free from CO, anu that the combustion is, 
therefore, probably complete. 

As a check upon the necessarily approximate nature of the sampling, 
Mr. Huntly has calculated what tne exhaust products should be, if com- 
bustion takes place with 9*188 volumes of air and 1 volume of the gas 
analysed above. The result is given in the second column of the same 

• 772 = ft. -lbs. per B.T.U. or Joule's Equivalent. 



(ouml. There is, however. coDsiiieralile ej ^ -■ . 

over the found Talueii of tlie products. Thin U probably to be accouated 
tot hj the difficulty of obtaiuini a, renllj aven^ sample. The results ars, 
*~3wever, worth recording ai a close approxim&tiou to ai^unicy. 

The oiyaen neceauiy lo convert tte known Value of the hydrogen to 
water hns li«en allowed for id the calculation, the analysis having been 
Okiried out dry. 

TranBrnisBloQ of Heat through Oast-tron Jaokat Wall.— The total 
heating surface (the inturnal surfuce of cylinder plus the clearance) 

740 sq. inches - 514 aq. ft. 

Therefore heat transmitted to jackets per 91). ft. per hi 

10,825 K 71-24 



772 X 740 



11,600 B.T.n. per hour. 



Sol tmnsnitaiian probably only takes plaoe during the out stroke, therefora 
file rate of tnuiimission for the revolutions per hour = 9,750, and tho 
•Kploaions = 4273'S per hour 

3,190 B.T.U. perhonr = 88e RT.U. permin. 

The cooling aiirfaco (external surface in jacket space of cylinder metal) 
=■ 026-0 sq. inchet = 643 sq. ft. 
Therefore the mte of truumiuiou per tq. ft. of Gooling siirfuw 



6:i,190»5'U 



B'43 



-^=42,525 B.T.O. per hour=709B.T.U. persq. ft. perm 



Taking the mean temperature of the jacket water as ei(uitl to 90° F. , and 
bo temperature of the gases when most of the heat would paaa IDto tha 
'*' ikcts, an equal to 2,90(1° F. the rate of tronslnissioD, by foi roula given by 
'ikine, should be approximately : — 

_ iih very cloevly n^creps with the actual mlc of transDiiuinn us above. 
1 be tbicknosa of the east-iron cylinder wall is about J", llic internal 
of ihe cyliudnr in contact with the hot gases Is calleil the htnling 

- till '..''. ;..n' hi:.. I" <if the cylinder in contact with the jacket 
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GAS BNGINE TRIAL. 



EMUL-n< OF Twu Hours- Titirr on 8i' 


X 18' Otto Gas Esoinb— 




London Oat 








~ 


Duntion of toil in hoort. 


l«t hour 


2od honr 


mean 


S. 


Nan>W of indiuitordUgnnui taken, 


9 


9 


18 


} 3. 


Average initial preraure above atmo- 








4. 


sphere in lbs., from meaQ iliagrajn, 


227 6 


226-6 


226-S 


Average mean premnro during work- 
ing stroke from diagram m Ibi., . 










74 IB 


74-98 


74fi6 


S. 


Average ineaD preisiire during pump- 
ing itroke in lbs., . 










2 




3 


6. 


Net average prassure (4 - 5) in lb«.. 


721S 


72-08 


72-66 


7. 


KevolutioDS iier minute, , 


162-6 


162-4 


162-6 


8. 


Explosion, per minute by counter. . 


69-06 


73-42 


71-2 


e. 


Indicated H.R for working ttroko, 


13-20 


14-1& 


1399 


10. 












ingBlroke) 


12-86 


13-8 


13-32 


11. 


Load on rope brake in lb«.. 


202-0 1 
71-21 


202O| 
65-3/ 


202-01 
68^1 


12. 

la 


Reading of spring balance, net Ib«., 

Difference 

RadinaofHy wheel, inn.,. 


1308 


136-7 


133-8 


33 


33 


33 


1 14. 


Brake H.P 


10-JW 


11-71 


11-33 


16. 


Mechanical efficiency of engine, per 










cent, line 10 and 14, . 


85-3 


S4 86 


85-08 


IB. tiaansedpethourlwilhont ignition) 










in cub. ft. 


271-9 


287-6 


2797 


17. 












cub. ft,, . . : . . 


6-94 


6oa 


6-05 


18. 


ToUl gas uied (main and Ignition) 
inonb. fu 










277-84 


293-06 


285-66 


19. 


I'reMure of gai at meter, ins. of 










water 


1-7 


1-BB 


1-08 


20. 












degWF., ..... 


. *ft,.i 


W 


W 


31. 


Ga, per I H.P. i>cr hour fai ou^ 




^ 


l^riE 


22. 


liaiiV'' 1 H-I*' per bour (luMlfl 

ignilion) in cub. fC, . ^^^H 


■ 


■ 


■' 


23. 


G«i per bntke H.P. p«^^H 


■ 


■ 


K 


24. 


tias per B.H.P. pw bo^^^^H 
igniUou) in oub. ft, J^^^^H 


■ 


■ 


■ 



d6i 
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TABLE n. 
Results op Test — Continued. 



1. Town gas used per explosion (volume through 

meter), 

2. Pounds gas used per explosion, 

3. Calorific value of Lonoon eas per explosion, 

calculated from analysis, thermal units, 

4. Mechanical equivalent of ditto, 

5. Work done on charge during compression, . 

6. Work done by charge calculated gross, . 

7. Net work done by charge in ideal process, 

A,B,C,D,E, Fig. 135, 

8. Actual net work done, mean of all indicator 

diagrams 

9. Efficiency of engine (actual) 

Heat turned into work _ 6,345 
Whole heaTexpended "" 27,820 

10. Efficiency of engine (maximum theoretical) 
Ti-Tq __ 3,503^ -605° 
Ti ~ 3,503' . . . . 

. Actual efficiency "228 

Maximum theoretical efficiency ~~ 0*827 * * 

2. Rate of transmission of heat through cylinder 
wall, per sq. ft. (internal) surfieice per 
hour, 

3. Do. do. per sq. ft. (external) surface of 
cylinder per hour, 

4. Do. do. per sq. ft. (internal) surface of 
cylinder per minute, 

5. Do. do. per sq. ft. (external) surface of 
cylinder per minute, 



•06544 cub. ft. 
•001877 lbs. 

36n4B.T.U. 
27,820 ft-lbs. 
2,465 „ 
9,059 „ 

6,594 „ 

6,345 „ 

•228 per cent. 



•827 „ 
•275 ,. 

53,190 B.T.U. 
42,525 „ 

886 
709 



)i 



»» 



TABLE III. 

Results of TKHT—ContinitecL See mean indicator diagram for 

A.B,C,D,E, Fig. 135, p. 356. 

Assumed temperature of gas and air after enter- 
ing the cylinder (A), 145"* F. 

Calculated temperature after comnression (B), . 473" F. 

Calculated temperature after reaching maximum 

pressure (C) 2,842" F. 

Calculated temj^erature after beginning to fall in 

pressure (D), 3,043" F. 

Calculated temperature at end of expansion (E), 1,731" F. 

Mechanical equivalent of heat carried off by 

jacket water per explosion, . . . 10,825 ft. -lbs. 

i In-going temperature, .... 42" '2 F. 
Out-going temi>erature, . . . 139" '8 F. 

Difference (rise), . . . 97" -6 



605" abs. 
933' 



3,30-2' 
3,503' 

2,iyr 






OAS EKOIKB TRIAU 

TABLE IV. 

RiscLTS or Tkst — Continned. Sec ImUcator Diagran 
A,B.C,D.E, Fig. 13S, 

Beat Ukon up by cfaorge doriog coinpresaioD, A to B, . 

,, „ increue of preuure at oonsU 

vcFlume, C to I), 

„ „ increaK of volumo at canata 

premure. D to E, 

Total 

of hoat turneil into work above lero prea. 

, 6,345 + 2.4C5 = S,8 

Btat rejected to jacket duriojf expansion, add .8 



1 



■Total a 



Difference = beat rejected in elhauet, 
Beat rejected in erhanet by direct calculation, , 
TABLE V. 
Hkat Balakck Suknt. 

per Kiplg- p 

SWal beat dae to perfect I Heat turned into work, 

oombuBtion of "001677 lb. „ rejected in jacket water, 

of gaa, .... 27.S20 „ „ exhaust, 

27.H20 I 

PKOPOfiTKlSAr, VjlLPES. 



40'fi 
103 2 



16,775 
1.971 
20,813 

g,es8 

ll.ISl 
11,24S 



8,345 
10,B2S 
11,245 

26,415 



CII4. . 

OleBneK, C,Hft-C,H| 

HydrogcD, . 

Kittogen, . 
CO] ud Oxygsn, 



see 
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TABLE Vn. 

F Exhaust Gases takbn 


Aa DRT. 


1 




,.,... 


,,i™. 


ElT<«lD>tDl. 


O^cnUW. 


CO, 






676 
6-14 

nil.. 
87 10 


6-46 
8-84 
nU. 
84-6 






Car£.n monoride. 

Nitrogen (by difference) 




By volnme, . 


100-00 


100-00 














SECTION B. 





ABSTRACT TRANSLATION OF BEAU DE ROCHAS' CYCLE. 

(French Patent, 1862.) 

COKCKKNI.VU CoHPBESSlON IN A Ga9 EnOTNE. 

The conditiona for ]ierfectly Dtilisiuf; the clastic force of gaa 

in an engine are four in number : — 

T. The largest posaihle cylinder volume with the miaimnni bonndary 
autfaoe. 

II. The greatest possible working speed. 

III. Greatest pnuible number oF expansions. 

IV. Greatest possible premure at the buginniog of cJipansion. 

The chaiiu:t«ristic of gaaei to disperse over a given area can be tamed to 
excellent accoant in pipes, but is, on the contrary, eviilently an obstacle to 
the ntilisation of the elastic force developed in the gaseous mass. It bu 
been shown [in a former part of the [>ateut] that in pipeji the utilisatioa — 
that is, the heat transmitted— is in proportion to the diameter of the pip& 
In cylinders, therefore, the loss would be in inverse ratio to the diameter, 
bat this only applies to cylinders of very small diameter, and thn loss really 
diminishes more rapidly in proportion to the increase in ilianieter. Thus 
the typical design, which, tor a. civen expenditure of gas. assigns a cylinder 
of the largest diameter, will in this respect utilise the must huat. We may 
tilto conclude that, as far aa possible, only one ga^ cylinder should be used 
in each separate engine. 

But the loss of heat in the gaa depends also on (lie time. Other things 



diction disappears if w-e remember that, for a given consumption of gas, the 
stroke is not necessarily and invariably limited to the volume of tha 

In utilising the elastic force of gas it is necessary, as with .steam, that 
expansion shonld be prolonged u much as powible. In the typical d 



liqxnitaiieoua ci 



BKAIT DE BOCRAB' CYCLET 

each ptrticulor case, 

'li the effect ii neceasftrily limited. 'The stTanseiiient will, lliereFora, 

[ve the Iwat result, which restores to the motor w-hut miiy be eolled Ha 
berty of cxpuisioi], that ii to wiy. the power of ezpiuidiiig u much u may 
I thought dcairable, within practical working limita. 

Laitly. the utilisation of the elastic force of the gas depenils upon a 
~ction closely allied to prolonged ex|Muiaioii and its advantages. This is 
preSBore, which should be as great as possible, to produce tlie maximum 
^^.ct. Here the question clearly is to obtain exinoaion of the gases when 
M^ are hut, after compreaaing them while cold. This ia to a certain extent 
DuiverEe method of prolonging expansion tothat employed when a vacnuui 
formed. The latter process is not at all suited to gases, became all such 
tDpiesaion necessitates an e([nivalent condenaation, and even supposing 
le gasea were combustible, it would be impoasible to heat them instiLD- 

Theoretically, therefore, it is possible to utilise the elutic force of the 
HM without limit, by compressing them inde&iitely before heating, just 
I the ehutic fore* of steam tnay be utilised without limit, by prolonging 
IpansioD indefinitely. Practically an impauuble limit is attainei), aa aoon 
I the elevation of temperature due to previous compression oauaea 
ibustion. If eompi'casion be then continued, the work done 
would be represented by expansion prolonged to the same point, less 
the loss caused by all useless work. The uatura] limit is here reached, and 
the arrangenieDt which best attains it will utilise to the moat advantage the 
heat supplied. 
I The question of heat utilisation being thus stated, the only really 
nctical arrangement is to use a single cylinder, first that the volume may 
■ as large as pooaible, and next to reduce the resistance of the gaa to a 
inimum. The following operations must then take place on one side of 
« cylinder, during one period ot four consecutive slcoHes ; — 

I. Drawing in the charge during one whole piston stroke, 

II, Comiireasion during tho following stroke. 
HI. Inllammatiun at the dead point, and expansion <luring the third 



The same operations beiug afterwards repeated on the other side ot the 
4inder in the same number of piston strokes, the result will be a particular 

K> of single-acting, or half-acting engine, so to apeak, which will evidently 
rd the largest possible cylinder, and what ia still more importuit, 
•vions compreasion. The piston speed will also bo greatest in proportion 
. the diameter, because the work is performed in one ain;ile stroke, which 
>nld otherwise occnpy two. Clearly it ia inrnoatihle to do more. 

m|>erature of the gases coming from a furnace is practically 

' '' kt of the eitsrnal atmosphere varies relatively only within 

ature of the mixture ' ' 

3 be practically c 

'-■—'• of compression »t which com- 

n of the engine conform to it. 

"•■^'ned, for each proportional 

ere will be no necessity to 

being determined by the 

" ' ' •hen the speed 

and by raising 




^B 


^^^^^^^^^H 


^H were compreaaed to about a. quarUr of the original vofume, the effect of low 


^H of heat beiug neglected. After 


complete inflammatiim the preaauro would 






^H <ixce«B of sir, the preuoro would in any utber caae (i.e., wtiere on exceu of ^M 


^^M air was admitted) be necessarily less. Probably, therefore, in mauy cues, ^H 


^^1 the absolute limit uf utiUnation 


of the heat may be attained. ^H 


^H We may sum mi the question by sByitiR tbut, although the typical ^M 




be most completely and perfectly adapted ^M 


^H to the utiliiation of tbe eliutic 


force develop^ by combustion at coastant ^H 
B quite simple. It is perhaps rather » COO- ^H 
e lift' valve distribution. Tliis is generallj ^H 


^^1 volume in tbe gasoous mass, it 


^^1 venience than a neceHity to u» 


^^1 tbe beet method, and nothing 


proves that it may not be applinl to the ^^| 


^^H four-cycle type of engine. 


1 


^H ^H 


^^r LiffT o» SPsoinoATioiiB OS Patestm filed fob Oas. Pbtbolbum, akd ^^M 


^m Hot AiB Kvu 


.VE3 FOR THE VkAR 1884. ^M 


^H Horgreuveit, 325 


Jan. 2, 1884, Valves nn1"gSal. ^| 


^B SUne, 454 
^H Steel and Whitehe»l. Q60 


" I 




^^1 Stems, 1.373 


" 12 




^H Wii-th (Bemateiu), . 1,457 


„ 15 


Producing motive power. ^^H 




„ 25 




^H Ainiworth, . 2.089 


., 25 


„ Cylinders. H 


^H Ofenderaon, . 2,13f) 


„ M 




^B D.ivy, . . . 3,778 


Feb. 2 


',1 Cylinders ami valves. ^M 


^M WooUbead, . 2,715 


6 




^M Clayton, . . 2,S54 


6 


,, CompresBion and eibauot- ^^| 


^H Fielding, . . 2,933 


.. 8 


^^M 


^H CobhamaudGillieBpie, 3.495 


„ 18 




^M Holt and Croaalcy, . 3,6.17 


,. 18 


,. starting. ^H 


^H Gritlin, . . 3,738 


„ 22 


„ Cylinder and stuffing boxM. ^H 


^M Holt 3,893 


„ 25 




^H Johnson, . . . 3,986 


„ 26 


„ GeneraT. ^H 


^P MaltLA and King, . 4,391 


March 5 


^" Mnndeu, . . 4,501 


8 


Exhausting. ^^H 


FoUaak, . . . 4,630 


., 10 


li^i ting and Talvea, ^^H 


Witth (Sohnlien), . 4,736 


„ 11 


„ Petroleum motor. ^^M 


Spencer, . . . 4,776 
CrMsley, . . . 4,777 


,. 12 


„ Exhausting. ^^H 


„ 12 


„ Compression. ^H 


Weatherhogn, . . 4,880 
Hill and Hfll, . . 5,007 


.. 14 




.. 17 


., Igniting, gas or vaponr. ^M 


Johns and Johns, . 5,302 

. 5,303 

J. Magoo. . . . 6,365 


.. 22 
., 22 
„ 24 


Kotatory gas engine. ^^H 


", Val'vcB. ^H 


DewhwBt, . . 5,412 


.. 24 




Park.. . . 5,435 


„ 25 


„ Rotatory gas engine. ^^M 


J. Magee, . . 6,484 


M 26 


Valves. ^M 


5.C36 


„ 29 


^^^^^J 





^^ 


P 
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Butcher, 


, 5,811 


March 29, 1834, Igniting and valves. ^H 


Lintord M.d 
Holt, , 


I'iercTy. . 5.797 
. il,lJ3it 


April 


1. „ 

7. ., 


Igniting. 
General. 


Wieg^d, 


. . 0.6(12 






Igniting. 


MugaieM. 
M'Niel, 


. 6.678 




22; " 


,, and General. 


. 6,784 




25, „ 


Tramway loco. (goB). 


Kiug,. 


. 7,28* 

. 7,^83 


Miy 


0. ,. 


Compression. 


Hoit. : 


. . 8.211 




26. ,, 




Sombort. 


. . 8.232 




28, „ 


Sup^ving gu to engine. 

Miioellaneous, 

Comprenion. 


Green, 


, 8,489 
. 8,5U5 


Ji^e 


31, ,. 
4, „ 
4, ., 


Shaw. ' 


. 8,57» 


Croulev, 


. 8.837 




5, „ 


Igniting (Tlie Otto). 


Ainsworth, 


. 8.960 




14. X 


Qrlindw. 


Guthrie. 


. . 9,001 




18. ,. 


Igniting. 


CJrath (Daii 


alerl. . 9,112 




IT, „ 


Ghb or oil motota. 


Wilhamson 


Malam. 








and Irehu 


ad, . . fl.l87 




16, „ 


Vnlyes and gear. 


te„„ 


. . U.544 




28, „ 


Starting. 


Rapier, . I).S4S 


Jo'l'y 


1, ., 


Eibauating. 




. D,M9 




», .. 




^H Norriogton 


. 10.062 




11. „ 




^k Guthrie, 


. 10.48.^ 




16. .. 


c^It.'"L^X^^' 


■ Sh.w, 


. . 10.8S5 


August 2, „ 


Compression. 


^V Butterwort 


, . . 1I,0S6 




0. ., 


Noncomprcasioii. 


^B Jniti<M, 


. ii,;«i 




16. „ 


General. 


Crowley, 


. 11.378 




23, „ 


Ignilmg. ^ 


G. Maine M 


(iM'Gbce, 11.506 




25. n 


Gas motor. 


DounlM, 
CUtfe (Hop 


. . 11.750 




2B, ,. 


Rxhaiutiug. 


ilta). . 11. W7 


Se^L 


1. ., 




^L M>gee, 
^1 Uriffit£>, 


. 12.1)33 




■', „ 


igniting. 


. l-i,a]| 




0. „ 




f Davy, 


. l2.-.'64 




1(1, „ 


Cyl'i'nders, volvea and ex- 

hnualing. 




. 12.312 




12. ., 


Igniting. 


DuugiU. 


. 12,318 




12, .. 


\ alvet> and gear. 


Hurnpll, 


. 12,431 




15. „ 


Compreaaion. 


HiU and H 


1. . . 12,603 




19, .. 


NoncompreHiiion god or 
vapour. 


^L '^B"»^ 


. 12,640 




20, ,. 


General. 


^B ReddiB, 


. 12,714 




23, .. 




^H Wiltun, 


. 12,770 

. . 12,777 
. 1!2.842 




25, „ 
25. .. 

20. .. 


Tramway gas engine. 


I ^i... 




C-ylinders and valves. 


. . 13.221 


OoV. 


0. ,. 


General. 


^1 Kclfera (M 


Donough), 13.283 








^H Parker, 


. . 1.1.706 




17! '.'. 




^H Lawion, 


. . I3.KW 




21, „ 


ExhaUBtiog pun>)>. 


^H Griffin, 


. 14,311 




20. ,. 


limiting. 


^H Browett, 


. 14,341 




30. ., 


Eihanaliug. 


^B Prentice aa 


J PrenUce. 14.S12 


tioY. 




Slurtiug auil igniting. 


^H MSJiUivray 


. . . 14.766 




8, ., 


Ignitiug, valves nod gOM. 
Conipoiiuil go* engine. 


^B Holt .ind C 


roaslcy, . 15,311 




20, .. 


H Holt. . 


. 1S.:II2 




■20, ,. 


Comiirouiuii. 


^H Mcwtnn, 


. . 15,033 




27, .. 




^H Bonier, 


. io,i:u 


Dec'. 


1. .. 


Hot-oJr tDjpne. 


^B Holi, . 


. . 16,250 


■ 


1 


^1^ 
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. IG,4D4 Dec. 13, 1864, CompresBion. 



AtkinKon, . , 
Mttlier (AdkiM md 

Angus). . . . 16,fi34 „ 18, „ Ignicing. 
Regan, . . . 16.690 ., 24, ,. Electro gu 
Imniy (Bamei and 

Danka), . . , 16,947 » 27, ,, Storting, 
Eailford (Martin), . 16,902 ,, 29, „ Hot air enj 
Maloin and others, . 17,029 „ 30, ,, Silencing. 



JohDBon (LeDoir), 

Pinkney, 

Asher atid Buttms, 



Pope, , 
Holt, - 

Atkinami, . 
Mackenzie, 
Daimler, 

Garrett, 
Bickerton, . 
AndrewB, . 
Mills, . 
Bigg, ■ 

Weatherhoai, . 
M'liliee and Magee 
MacGeorge, 
Camplwll, . 
Warsop and Hill, 
Copitame and 
Briinler, . 

Newton, 



l.SSl 
1,700 
1,703 
2,712 



3,785 „ 

3.971 

4,316 April 

4,684 „ 

5,519 May 

6,561 

5,971 



7.500 
7,920 
7,929 



.za roR Gas, PKTBOLim, amd 
% Ybab 188e. 

1, 1885, General and Igniting. 
Valves and gear- 
General. 

Liquid fuel vapour. 
Hydrocarbon. 

Petroleum. 

Valves and gear. 

CompreasioD and igniting. 

Petrolenin. 

Compreasion. 

General, 

Coniprcasion. 

Igniting. 

Petroleum. 

Valves and gear. 

General 

CompresstonandgoTemui^ 1 



,, Igniting. 

„ Compression. 

, , Igniting. 

,. ,, and cylinders ajid I 

ituffini; boxes. 
,, Compression and exbauat- 



Newton (Treeton). . 8,584 
Stnrgeon, . . . 8,897 „ 
Calton (Hortig), . . 9,801 Aug. 





™ 


r 1 










SpecUllti. ■ 










■ 


Priestmw. . 


. 10.227 


Aug. 


28. 18S5. Hydrocarbon. ^ 


Justice (Hale), . 


. 10,401 


Sept 


2. „ 




Daimler. . 


. 10,786 




n. „ 


Pet^leuro, road vehiela. 


Grading mid Hardin 


. 11,215 




21, „ 


lenitinu;. 


Redfern (Swyer), 


. 11.-2EK) 




22, „ 


Patl-oleum. 


Clark ( Economia Mot< 










Co.), . . 


. 11.294 




22, .. 


Nod -compression and igait- 


Magee. . . 


. 11,422 




2S, „ 


Governing. 


CflttroU M,d Stent, 


. 11,665 




29, ,. 




GiUot, 


. 11.658 




29, .. 


Compresaion. 


Abel (Gaa Motoren-F 










brik Deutz), . 


. 11,933 


Oct. 


10, . 


Igniting. 


Southnll, . 


. 12,4il 




17. , 


(Jompreaidoa. 


CUrk (EcDDOmic Mob 










Co.). . . 


. 12,483 




19, , 


Igniting. 


Sohilti, 


. 12,896 




27, , 


Petroleum. 


Grath (Daimler). 


. 1.1.103 




31, „ 


Gas and oil. 


DinHmore. . 


. 13.309 


Nov. 


4. , 


CompreMion, cylinder and 
stuffing boxes. 


^ Nash,. . . 


. 14,394 




24, , 


Liquid fuel vapour. 


^B Burgk and Gray, 


. 15,194 


Dec 


10. , 


Non-e„mpre«iWandignit. 

log. 
Starting. 


■ Atkinson, . . 


. 15,243 




11, . 


Kuckleshell, . 


. l-i,47S 




IB, , 




Johnson and othen. 


. 16,710 




21, „ 




BioTierten, '. '. 


, 15,737 




22. . 


Compression ojid igniting. 


. 15.845 




24, , 


Starting and oompreasion. 


^ Willcox. . 


. 15,874 




24, , 
24. , 


Hot air 

Cylinderand stuffing boxes. 


m 


. 15.876 




. 15.870 




24. . 




H Wtili^hurst,' 


. 15,936 




28. . 


General deaign. 


^H SFBCIriCAtlOfS OF 


^ITBSra F 




FOK Gas 


PKntOLEI'M, AND HOT Al8 


1 


Ehuinbs 


FOR T 


BE Yea 


S18S6. 


V Johnson and otberi. 


11 


Jan. 


1, 1886. Eectrio ignition. | 


^ Butterworth, . 


. 207 




6, . 




Fairweatber, . 


477 

. 478 


•; 


12, . 
12. , 


Hot air and gaa mixed. 


Nash," 


493 




12, , 


Double'aotina. 
Valves for exhanating. 


Magee, . 


8115 




15, , 


BriSe. . . 


942 




21, . 


Road vehicle. 


PrieHtman and Priee 










man. 


. 1,3M 




30, , 


Hydrocarbon. 


M-Ghee. . 


. 1,433 


Feb. 


1, , 


Igniting and valves. 
Hydrocurbun and igniting. 


HoDica, 


. 1.4*14 






Welch and Rook, 


. 1,696 




5. , 


Genera] design. 


Sbillito, . 


. 1,797 




6, , 


Cooling cylinders. 
General design and valves. 


Haddan, . 


. 1,958 




10. , 


Eimecke, . 


. 2,122 




13. , 


Hot air and valves. 


^_ Capitaine and Bruul 


r, 2,140 




13, , 


Petroleum. 
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Skene, 


2,174 


Feb. 


15, 1886, 


Leigh, 


2,272 


>f 


16. „ 


Shaw, 


2,447 


>f 


19. „ 


Bonlton and Perrett, . 


2,6^ 


>> 


23, „ 


Millbnm and Tf%""ft^^ 


2,993 


March 3, „ 


Deacon, 


3,010 


1* 


3. f. 


Fielding, . 


3,402 


tt 


10. ,. 


Davy, 


3,473 


♦» 


11. t, 


Atkinson, . 


3,522 


»t 


12. ,. 


Neil, .... 


4,234 


ft 


i-'6, „ 


Ruckteshell, 


4,349 


Dec. 


16, 1885, 


Dawson, 


4,460 


March 30, 1886, 


Hutchinson, 


4,785 


April 


6. „ 


Justice, 


4,881 


>> 


7. ,. 


Abel, .... 


5,804 


*» 


28, „ 


Humes, 


5,597 


»» 


24, „ 


Bernardi, . 


5,665 


>» 


24, „ 


Benz, . . . . 


5,789 


»» 


28, „ 


Bedfem, 


6,161 


May 


6. „ 


Leigh, 


6,165 


>f 


6, „ 


Charlton and Wright, 


6,551 


»« 


5. „ 


Gilliespie, . 


6,612 


ft 


17, ., 


Nash, .... 


6,670 


>> 


18, „ 


Rollason, 


7,427 


June 


2, „ 


Nixon, 


7,658 


tt 


8, „ 


Butterworth, 


7,936 


it 


15, „ 


Reed, .... 


7,967 


>« 


15, „ 


Roots, 


8,210 


»> 


22, „ 


Weatherhogg, . 


8,436 


f > 


26, „ 


Fielding, . 


9,563 


July, 


23, „ 


Johnson, 


9.598 


tt 


24, „ 


Beeker, 


9,704 


f » 


27. „ 


Crowe and Crowe, 


9,727 


ft 


28, „ 


Stuart, 


9,866 


tt 


31, „ 


Otto 


9,941 


Aug. 


3. „ 


Oke 


10,034 


»» 


5, „ 


Boys and 
Cuninghame, . 








10,332 


tt 


12, „ 


Schiltz, 


10,480 


tt 


10, „ 


Boyd, . . 


11,246 


Sept. 


4, „ 


Uumes, 


11,269 


»f 


4, „ 


Boult, 


11,576 


tt 


11, „ 


Turnbull, . 


11,833 


>» 


17, „ 


Hutchinson, 


12,068 


tt 


22, „ 


Butterworth, 


12,134 


tt 


24, „ 


Robinson, . 


12,346 


tt 


29, „ 


RoUason, . 


12,368 


tt 


29, „ 


Sutcliffe, . 


12,640 


Oct. 


5, „ 


Nobilings, . 


12,883 


»» 


9, „ 


Clerk, 


12,912 


ft 


11, „ 



Speciality. 
Igniting. 

Regulating supply of gas. 
Igniting and valves. 4 

Gas and steam, opposite 

sides. 
Miscellaneous and 

governing. 
Hot air, valves and gear. 
Double cylinder and 

igniting. 
Isolating walls of cylinder. 
Genei*al design. 
Varying volume gas 

mixtures. 
Explosive compound. 
Double and single acting. 
Petroleum. 
Combined gas engine and 

water pump. 
General design and valves. 
Hydrocarbon, and to pre* 

vent back ignition. 
Igniting. 

Petroleum vehicle. 
Gas producer and motor. 
Valves and gear. 
Petroleum and igniting. 
Valves. 
Cylinders and stuffing 

boxes. 



>f 



»» 



Double piston. 
Combustible gas motor. 
Hot air. 

Petroleum and ignition. 
Petroleum, ignition, and 

valves. 
Ignition. 

Carburetter for gas engine. 
Hot gases and steam. 
Gas caloric. 

Combining explosive fluids. 
Furnace by compressed air. 
Hot air. 

Silencer. 

Petroleum and igniting. 
Internal combustion. 
Hydrocarbon and starting. 
General and carburetter. 
Manufacturer of gas for 

motors. 
Petroleum (Swan design). 
General design. 
Hot air. 

Miscellaneous and mixture. 
Utilising waste heat. 
Caloric and valves. 
Petroleum and valves. 




. 1.1,727 

. U.QSi 



Robson, 

£tunrt and Biimey, 

Taylor, 

SoutliaU, . 
Wordsworth and 

Wolattioholmc, 



13,307 
16,310 
13.327 



Heanon. 
Frieatmui and 
Pricstmnn. 



15.507 

15.607O 

. 15.7M I 

. 16,BJ5 

. 16,779 



SrEciric\T]o:<s or Patrhts riLSD f 



Spocl.lllj, 
18S6, Hydrocarbon. 
„ PropulsioD of veaiela by 

., Guards for flywbeeli. 

.1 dusign, igniting aud 



valve 
Marine propulai 

or petroleum. 
MiacellaneoaB. 
In temal combustioD , by d ro 

General doaigu. 
Hydrocarbon and starting. 
General doaigu, valvuf ~ 

soar. 
Miscellaneous. 

Hydrocarbon. 

Shut off'ssB Hopply. 

automatio. 
Utilising vaponr. 









t Gad, Petriluiih, i>'[> Hot Am 
( Year 1887. 



4 



Sterry. 



125 



Boulton and Pcrcctt, . 459 
Newall. . olii 

Lftke S07 .. 

Abel, .... 847 „ 
Hiwaulc, . . . SS8 
Charter, tiatt, and 

Tracy. . . 1.IG8 

Abel, .... 1,189 

B^ier, . 1.263 

Adam. . 1.266 

Priestman and 

Prieatnuui, . 1,454 „ 

Lynam, . I.6!i3 Feb. 

Pinktiey, . I.BSO 

Hsadaii, . . L',IM 

Bamford. . . -J.Kte 

Tbomag, . , '.>..tG8 „ 

Browett sad Lindley, . -2^,20 ',', 

Tellier. . . . 11.631 

Knight, . . . 2.783 



Hyilrooarbnre ttAl. 
Real engine. 
Goa Hammer. 
Cylludera and electric igni- 



Klectric ignitio: 
Hydrocarbon. 
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Koeber, 

Spiel, . 

Griffin, 

Redfem, 

Schmidt, . 

Griffin, 

Beecbey, . 

Robs and M*Dowall, 
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Redealgh, . 
Sington, 
Howard, Howard 

Uoyd, . 
Gasper, 

Stevens, 

Stargeon, . 
Wallwork, . 
Johnson, 
Bernhardt, . 
Hurgreaves, 
Crossley, . 
Priestman and 

Priestman, 
Koerting, . 
Dawson, 

Faber, 

Davy, , 

Wastfield, . 
Wallwork and 

Sturgeon, 
Johnson, 

Wastfield, . 

Beechey, . 

Lewis, 

HaddaD, 



tf 



KQhne, 

Duevettet, . 

Hahn, 

Bull and BuU, 

Dougill, 

Griffin, 

Tennent, 

Justice, 



and 



2,844 
3,109 
3,350 
3,660 
3,705 
3,934 
4,160 
4,403 

4,511 
4,564 

4,692 
4,757 

4,843 

4,923 
4,940 
5,095 

5,3:^ 

5,485 
5,833 

5,951 
5,981 
6,501 

7,350 

7,677 
7,771 

7,925 

8,182 

8,466 

8,818 
8,883 
9,111 
9,461 
9,506 

9,717 
10,170 
10,202 
10,360 



Feb. 



Speciality. 
24, ,, Caloric engine. 
28, ,, Hydrocarbon. 
March 4, 1887, Pistons and stuffing boxes. 



t> 



99 
f * 
>f 
tf 
l> 

t> 
** 

I) 
»> 



April 



99 
t» 
»> 



>f 



»♦ 
>t 



June 



»» 



>* 



>» 



»» 



July 



. 10,460 
. 11,201 
. 11,255 



»f 

99 
I) 
99 
*t 

>f 



Aug. 



lindley and Browett, . 11,345 
Abel, .... 11,444 
Wordsworth, . . 11,466 
Abel, . . . .11,503 
Kiel and Bennett, . 11,567 
Embleton, . . , 11,717 
Atkinson, . . .11,911 



99 

II 
II 
II 
II 



10, 

11, 

15, 
19, 
24, 

26, 
28, 

29, 
30, 

31, 



23, 
25, 
May 3, 



20, 

25, 
28, 



Sept. 



13, 

18. 

22, 

27, 
4, 
5, 

11. 

20, 

21, 
25, 

27, 
16, 
17. 

19, 
22, 
23. 
23, 
25, 
29. 
2, 



II 
II 
II 
11 
II 

II 
II 

II 
II 

II 



2, 




2, 




5, 




12. 




15. 




21. 





II 
I) 
II 

l» 

II 

II 



ll I. 

7, „ 



II 

II 
II 
II 
It 
It 
It 
II 
It 
II 

It 
It 
It 

11 
II 
II 
II 
II 
II 
II 



Fluid pressure motor. 
Compressed air and steam. 
Charges of mixtures. 
Gas bags to regulate supply. 
Rotatory engine ana 

pumps. 
Enclosed crank chamber. 
Tram and vehicles. 

Hot air. 

Utilising heat after explo- 
sion. 

Combined gas and com* 
pressed air. 

Double piston. 

Lubricating. 

Igniting. 

Regulating. 

Thermodynamic engine. 

Combined gas and dynamo. 

Hydrocarbon and valves. 

Valves and governing. 

Cylinders, governing and 
igniting. 

Cylinders, valves and igni- 
tion. 

Piston and twin gas engines. 

Cylinder and valves. 

Adju.stable ports. 
Propelling by reaction of 

explosion. 
Low pressure or vacuum 

motor. 
Cylinders and valves. 
Valves. 
Petroleum. 
Air engine. 

Hot air and motive power. 
Oil for gas engine. 
Carburetter. 
Gas and steam. 
Piston, slides and govern- 

ine. 
Twiu engines. 
Heating air. 
General design, and electric 

i^ition. 
Valves. 
Ignition. 
Hydrocarbon. 
Cylinders and valves. 
Hydrocarbon. 
Cylinders and ignition. 
Varying expansion. 



■^ 


LIST OF 


" 
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SpntelltT. H 


W Abel. . . 


12,187 


Sept. 


8, 1887, Reaervoir of gas and air. ■ 


■ Pnestman and 










■ Frieatmaii, 


12,432 




13, 


Hydrocarbon. 


■ Lane, . 


12.591 




16. 


Power to vehiolei by cam- 
Vaporising hydrooarbona. 


1 Henrsoai, 


12,592 




16, , 


^1 Liat and othera, . 


12,(i96 




19, , 


Petroleum motor. 


■ B»ult,. . . 


12,749 




20, 


Oil and electric ignition. 


■ M'DowaU, . 


12,758 




20. 


Sight feed Inbricaton for 


1 Koarting, . 


I2,S63 




22. , 


Valves onrl ignitiou. 


■ Ua, . . . 


13.439 


Oct. 


4, , 


Starting gas onsinoa. 




13.555 




6. 


Ignition for hydrocarbon 


Davy.. . . 


I3,9!e 




13, . 


Snpply tl) motors. 


Barker. . . 


14.027 




15, , 


Middleton, . . 


14,048 




17, . 


Varying stroke. 


HutebiaBOn. 


14.2(1!) 




20. . 




Schmidt oadBeekFold 


14,952 


Nov. 


2, , 


Cylinders and valves. 


Crossley and Afideraon, 


13,010 




3, , 


Ignition. 

Hydrooarbon for vehicle*. 


Bntler, 


15.598 




IS. . 


Davy, . 
WillUms, . . 


15.658 




15, . 


Oil jacketed cylinders. 


16.029 




2a. 


Cylmdera and piatona. 




16,144 




24. , 


Cylindera and ignition. 


lUvelandB^ttmayer 


16.257 




26, , 


Cylinders and valves. 


Sturgeon, . 


16.31)9 




28, , 


Cylindere and pistrioB. 


Absf. . . 


17,108 


V^ 


12, 










or apray. 


Wallwork and 










Sturgeon, 


17,353 




17, . 


Governiufi. 

StartiQg by water motor. 


Biokerton, . . 


17.OS0 




2a, , 


Abel, . . . 


17.8ii6 




29, , 


Iji^ition. tubes heated. 


SpKcinoATiosa 


iT PaTKNTS FILKD FOB 


Gas. PEfBOLBnM, and; 


Hot Air Enoincs r 


OB THK 


Yeak 1838. 










BiHcl^lid. 


Prieatman and 










Priestraan, . 


270 


Jon. 


6. . 


Starting hydrocarbon 


Rogers, 


281 




7, , 




Sington, . 


512 






Oaa and petroleum. 


Johiumn, . 


600 




14, . 


Hot air. 


Abel..' . . 


633 




16, . 


Igniting. 


Imray, 


1.336 




28, , 


Starting gas and tram 


BleMiug, . 


1,331 




30, , 


Hydrocarbon for Iram 


Crouley, . 


1,705 


Feb. 


4. , 


Compound gaa or oil motor. 


Butler, 


1.780 
1.781 

2,466 




6, . 


Hydrocarbon. 


Qo^k. ; : '. 




isj '. 


Gas, vajiour, or air. 


Cola, . . , . 


2,467 




18, , 


C ranks 1 ongc r t lian cy linde r, 
pwi and other onBinea. 




2,549 


M 


21. , 

■ 


E ^ 
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Johnson, 
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2,804 Feb. 



«> 



Ochelhauser, 
Abel, . 



»» 



2,805 
2,913 

3.020 
3,095 



i» 



If 



>} 



>i 



M'Qhee and Bart, 

RoUason and 
Hamilton, 

CroBsley, . 

Oaze, .... 

Turner, 

Bourne, 

Crossley, 

Wilson, 

Lake, .... 

Tavemier and Casper, 

Humes, 

^s Dei, .... 

Kowden, 

I JnKGf • • • ■ 

Oaze, .... 

Thompson, . 

Wells and others, 
Tellier, 

Karylynski, 

Wordsworth, 
Browett and Lindley, . 

8chnell, 
Stubbs, 
Southall, 

Nelson, 
Johnston, . 

Kosztovito, 

De Boutteville and 

Malandin, 
Altman, 

De Boutteville and 
Malandin, 

Roots, • 



3,427 March 6, 



Speciality. 
24, 1888, Cylinders and valves for 

admission and exhaust. 
Starting gear. 
Rapid combustion in gas 

engine. 
Gas, vapour, or air. 
Igniting gas or oil motor 

engine. 
Governing and sun and 

planet motion. 



24. 
27, 

28, 
29, 



3,546 

3,756 
3,964 



it 



tt 
if 



5,628 
5,632 
5,724 

5,774 

5,914 
6,036 

6,088 

6.108 
6,212 



»i 

»i 
)t 
»i 
ft 

ti 

tt 

1$ 

It 



7,521 
7.547 

7.893 
7,927 
7,934 



tt 
tt 

tt 

tt 
tt 



8,009 June 
8,252 „ 



>» 



8,273 



8,300 
8,317 



9,249 
9,310 
9,311 



ti 



tt 



tt 



tt 



>« 



10, 
14, 



4,057 „ 16, 

4,531 „ 24, 

4,624 „ 26, 

4,944 April 3, 

5,204 „ 7. 



16, 
16, 
17. 
18, 

20, 
23, 

24, 

24, 

26, 



6,468 May 1, 



22, 
22, 

30, 
30, 
30, 

1. 
6, 

6, 



tt 
tt 

tt 
tt 

»» 



tt 

tt 

tt 

»* 
*i 
It 
*i 
tt 

tt 
> t 
tt 
tt 

t« 

tt 

tt 

tt 
tt 

tt 

tt 
tt 

tt 
tt 
tt 

tt 
tt 

tt 



Starting, governing, and 

reservoir, 
liijnition and valves. 
C'Ompress gas and air and 

store separately. 
Compressed air for motor. 
Hydrocarbon. 

Valves and governing gear. 
Gas engine and producer. 
Ignition for gas and 

petroleum. 
Gas and steam. 
Hydrocarbon. 
Petroleum. 
Increased efficiency of gas, 

&c.. engines. 
Hydrocarbon. 
Compressing gas and air 

separately. 
Production of carburetted 

air. 
Hot air motor. 
Producing cold by waste 

heat. 
Gas and air motor for 

vehicles. 
Hydrocarbon. 
Valves for hydrocarbon 

engine. 
Hydrocarbon. 

tt 
Cylinders, valves, and 

second shaft gas engiue. 

Hydrocarbon and igniting. 

Cylinders and pistons, gas 
or vapour. 

Cylinders for gas or hydro- 
carbon and locomotives. 



6, „ Starting. 

7, ,, Prevention of premature 

explosion in petroleum. 



25, ,, Governor for gas and other 

engine. 

26, ,, Piston and second explosion 

chamber. 
26, „ Generator to hydrocarbon. 



^^ 


" 


■ 

OF 


IP 

PATKNT 


H 


Dougill, . 


0,578 


Jnly 


2, IS8S, TiminB motioTi of valve ^M 












Abet. . 


9,6U2 




2, , 


ValvB for gaa or bydro- 


Knight. . . 


9.(W1 




*. . 


H^I^)carl»ii 


Raw<ien, . . 


3,705 




*, . 


Arrangemeut ot crank*. 


Purnell, . 


10.165 




12, , 


General (lesign. 


NoBh. . . 


ll>.350 




n, . 


General deuunondiunition. 


Giffartl, 


IU.01S 




23, , 




Binney aud Stnart, 
Campbell, . . 


10.007 




24, , 


Hydrocarbon. 


10,748 




25. . 


Geueral design. 


Hargreavea. 


10,980 




30, , 


Coniboation themioiuotor, 


Pien, . . . 


IU.0S3 




30, , 


Hot air, compreasod do., and 
gan for triim loco. 




10,(184 




30, , 


Starting tram loco., with 
air, gas, to. 


li™t«. 


11,007 




31, , 


Hydrocarbon. 


MovrU Btid Wilson, 


11,101 


Aug. 


1. . 


Generator (or gaa and 
Vafvet and governing. 


Barker. . 


J 1,24a 




3. . 


PuftliM and Freund, 


11,014 




11. . 


Hydrocarbon. 


p, ElIU, . 

HargrcaveB, 


11.847 




IB, . 


Hotair, Raa, orateam. 


i2,;iiii 










12.309 




28.' ! 


Variable eipanaion and 
igniting. 


WelU, 


13.206 


Sept. 


12. , 


Hotiur. 


Boult. 


13.414 




17. , 


Cylinders, piatona, valvei, 
and cranka. 


Stuart aiid Binney. 


U.l)76 


Oct. 


1. . 


Hydrocarbon. 


Croaaley and Holt, 


14.248 




3. ■ 


Starting. 


Abel. . . . 


U,:i49 




5. 


Icmtion. gaa or oil. 
Charging and ejection of 


UearflonB, . 


14,4UL 




6. , 










spent charges. 


Royaton, . 


14.014 






Heat engine. 


Willianla. . . 


14.831 




16, 


(ioveming. 
Hydrocarbon. 


Richard.. . . 


15,158 




22, 


Thompson, . 


15,448 




•■n. 


Carliuretler to (roe eueine. 


Bonlt, . . 


15,840 


Nov. 


2, 


Petroleum. 




15.841 




2. 






1G,S45 




2, 


Keeping vratla coot. 




tS,846 




2, 


Friction clutch (or gaa 


Jewen. . . 


15.858 




2, 


Broking and rcatartiog. 


Root.. 


16.882 




3. 


• S'j.tar"""""^ 


Lindley and Browett, 


10.057 




6. 


Simon, . . 


16,183 




8. 


, Cylinder and piston. 
, Govemtiig and alartine. 


Rontfl. 


16,220 




», 


Lalbin, 


16.303 


■' 


8. 


, Multiple cylinder and 

igoitioa. 


Mwtfies. . . 


. ]e,G0S 




15. 


, Pislon ringa. 


Koerting. . . 


17.167 




26. 


, Steaoi aiid air. 


Schmidt, . . 


. 17.343 




28. 


CrosJcy and AnderaoE 


. 17.413 




28, 


, Ignition, oil or gaa. 
, (leneral deitgn. 


SllBW. . . 


. 18,377 


Dec. 


17, 


Davie*, 


. 18,616 


.. 


18, 


, UtiliaiugwuBtelieatofgaa 


NichoLi. . . 


. 18.707 




21, 


, Obtaitung variable speed. 


Hargreavea, 


. 18.761 




22, 


, Thermoinotor. 


^ riokney, . 


. 19,013 




29. 


, General deaign. 


^^^^^^^^^^^^1 


^^1 


H 




^^^^^^^^^^^^^^^H 
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SpBcmcATioN OF Patbnts filed fob Gas, Petroleum, &c., Engines 

FOB THE YeAB 1889. 



Boult, 
Robinson, . 
Paton, 
Taylor, 

Repland, . 

Wella, 

Tavernier and 
Scblesinger, 

Thompson, 

Peebles, 

Ketcbem, 

Field, . 
Piers, . 

Davenport and 

Horsley, 
Miller, 

Oardie, 
Adams, 
Pinkney, 

Williams, 

Roots, 

Schmidt, 

• 

Phillips, 

Von Ochelhauser, 

Sohemmlngs, 

Soathall, 

Lake, . 

Millet, 

Theevman, . 



121 
298 
441 
708 

876 

1,593 

1,603 



Jan. 



If 

it 
l» 
>» 

$f 



Speciality. 
3, 1889, Distributing mechanism. 
8, ,, Hot air. 
Starting. 
Double cylinder, and 

general design. 
Second cylinder for chaise, 

greater volume. 
Hot air, combination cylin- 
der and chamber. 



10, 
15, 

17. 
29, 



1,831 Feb. 

1,957 

1.977 



1,997 
2,144 



2,587 
2,637 

2,649 
3,331 
3,525 



»> 
it 



>t 
>t 

If 
t> 
tt 



29, 

1. 
4, 
4, 

4, 
6, 



14, 

14» 

14, 
25, 
27, 



3,820 March 5, 
3,972 „ 6, 



4,237 

4,302 
4,710 

4,796 

6,072 

6,165 

6,199 

6,301 



tt 

tt 
tt 

ti 

f » 

it 

it 

it 



Nelson and M'Millan, . 6,397 

Abel, .... 6,616 April 

Biinki and Csonki, . 6,296 
Priestman and 

Priestman, . . 6,682 

Cordenons, . . . 6,748 



a 



a 



»f 
it 



Knight, 



6,831 



>f 



11. 

12, 
18. 

19. 

23, 

26, 

26, 

28, 

29, 

2, 

12, 

18, 
20. 

24. 



)l 
tt 

it 

tt 



ti 

it 
»> 
It 

it 

ti 



it 
it 

tt 
ti 
ti 

tt 

>> 
a 

a 
tt 

>f 

tt 

it 

ft 

a 

ft 
ff 
f f 

»f 
ff 

»» 



Hydrocarbon, jacketed 

cylinder. 
Slide valves for gas enmies. 
Double-acting gas engine. 
Generation of steam and 

gases. 
Hot air and gases. 
Locomotion by gas or 

petroleum. 

Pistons for gas eogines. 
Petroleum vapour or gas, 

general design. 
Gas engine ana generator. 
Explosion reservoir. 
Working gear of gas 

engines. 
Double-acting gas engines. 
General improvements. 
Mixed steam and gas 

motors. 
Hot air. 
Ignition of variable mixture 

of gas. 
Superheating steam, by in> 

nammable gas. 
Oil or ^as combination, 

reservoir and cylinder. 
Propulsion of vessel by ex- 
plosion engine. 
Propulsion of vehicles and 

aerial do. by gas engine. 
Charging cylinder, gas, 

vapour and hydrocarbon. 
Valves and governiDg. 
Reversing mechanism. 
Valve motion. 

Hydrocarbon. 

Rotatory gas, petroleum, or 

steam. 
Vaporiser for engines by 

oil. 



^ 
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PATENTS. 379 ^1 


Tavemier and Ciiapt 


. 7,009 


April, 27. 


889, Cooling, cylinder of ga, ■ 


TeUier, . . 


. 7.140 




zo, 


„ Pi^uoing oombu.til>le V 
gsMB (or power. ■ 


Simmer, 


. 7.522 


May 


6. 


„ Ignition by slectrlcity. 

,, Ignition by mcondefioent 

,, Gail or hydrocarbon. 


.. 


. 7,fi33 




6. 


Crowe Mid Crowe, 


. 7,59* 




7, 










general Aesiga. 


Sergeant, . 


7,605 




7, 


,. Valves for iteam and air 
eoginoB. 


UwBOn, . 


. 7,840 




7, 
14, 


„ General design. 

,, Petroleum and general 


Weatlierhogg, 


. 8,013 










d«aign. 


Imray, 


. 8,778 


■■ 


27, 


engines 


Clerk, . . 


8,805 




28. 


„ Double pialon for gM 
engine,. 


Lake, . . . 


. 8.88e 




28, 


„ Hot air. 


Bailor. . . 


. 9.203 


JuHe 


3, 


„ Multiple cylinder, Petro- 


Hunt and Eowden, 


9,685 




12, 


„ Reaction wheel, by ooin- 
buatible gas or vapour. 


Roots, 


9.834 




15. 


,. Eydrocarbuii. 


Daimler, . . 


10,007 




18, 


.. Ga« and petroleum motora. 


Well, and Clarke. 


10,144 




21, 


.. Hot air. 


Kooers and Wharry, 


I0.28U 




24. 


„ General deiign. 


10,634 


Jol> 


I, 


,. Petroleum or other eiplo- 'J 










aivB ganerator. 


Rowden, . 


10,669 


" 


2. 


„ Unk conoection for ga< 
enpnea. 


Leigh, . . 


10,831 


•■ 


5. 


„ Componnd gM or petro- 


WttstfleH, . . 


10,850 




s. 


„ Petroleum or other hydro- 
carbon. 


White and Ranbael, 


11.038 




». 


„ General design. 


■ WUIiMUS, . . 


11,102 




11. 


„ Tube for igniting. 


B Hartley, . 


11.395 




16. 


,. Hydrocarbon vaporiser 
and air beater. 


H Dhq-ne, . . 


11,459 




17. 


„ Generating gaa from com- 
bu.tible liquid. 


1 B.,. . . 


11.920 




26. 


,, AdniieiioD pasaages nnd 
valves for gaa, air, or 


w ^^. ■ ■ 


12.04G 




30, 


gaa engine. 


Hoelljes, . 


12,447 


Aug. 


6. 




Thompson, . 


1-2.472 




7. 


„ Combination of cylinder 
and pumps. 


■ Luicbester, 


12,502 




7, 


., noveming, gas and other 


H Middleton, . 


13,431 




26. 


,, Gu and steam power tri- 


■ M'Allen, . . 


13.572 




28. 


,. Gib or oil motor. 


Bennett, . 


14.154 


Sept. 


7, 


,, Motivo power from carbonic 

oiide. 
., Vehicjea, by va)iaur engine*. 


Hniiliiislon, 
^^ Hurgreavei. 


14,592 
H,T8B 


1 


17, 

1 
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Binney and Stuart, 
Diedericha,. 
Wilicox, 
M'Tighe, . 

Spurway, . 
Oreen, 
Lindemaim, 
Hamilton and 
RoUason, 

Haedicke, . 

Boult,. 

l^iel, .... 

Lowne, 

Schmidt, 

Barrett and Daly, 
Schmidt, 

Lanchester, 
Lindley and Browett, . 
Ford, .... 
Duerr, 

Frederking and 
Schubert, 



Crist and Covert, 

Atkinson, 

Clark, 

Snelling, 

Jenks, 

Abel, . 



14,868 
14,926 
14,927 
15,805 

15,295 
16.202 
16,391 

16,434 

17,008 

17,024 
17,295 

17,344 
18,746 

18,813 
18,847 
19,124 

19,868 
20,033 
20,115 
20,161 

20,166 

20,249 

20,482 

20,512 

20,703 

20,748 

20,892 



APPENDIX. 

Spoci&Iity. 
Sept. 20, 1889, Hydrocarbon. 

21, „ Combustible vapour engine. 
Hot air. 
Conversion of heat into 

motive power. 
Hot air and other gas. 
General arrangement. 
Valve arrangement. 



>» 



»» 
Oct. 



»> 

it 

»» 
>> 

Nov. 
*) 

a 
»» 
»» 

Dec. 

>» 
It 
»» 

>t 
»> 



21, 
24, 

28, 
15, 
17, 



,* 






18, 

28, 

28, 
31, 

1. 

23, 
23, 

28, 

10, 
12, 
13, 
14, 

14, 

17, 

20, 

20, 

24, 

24, 

30, 



,» 

,1 

,, 
»» 

»» 
f > 
,) 

>) 

), 

,, 



Gas or vapour, general 

design. 
Combined gas, and steam 

engine. 
Petroleum. 
Valves, ports, governing 

and lubricating. 
Atmospheric engine. 
Igniting gas or oil motor 

engine. 
Steam and air motors. 
Electric igniter. 
Combined steam and hot 

air. 
Valves and governing. 
Hydrocarbon. 
Rotatory gas engine. 
Gas or petroleum motor. 

Valve gear for gas, steam, 

&c. 
Igniters and general 

design. 
Internal combustion heat 

engine. 
Throttle valve for gas and 

other engines. 
Rotatory gas, steam, or air 

engine. 
Governors for gas and other 

engines. 
Regiuating speed of gas or 

oil motors. 



Specification op Patents filed for Gas, Pktroleum, and 
Hot Air Engines for the Year 1890. 



Mewbum, . 
Mannesman, 


132 

837 


Jan. 


3, 
16, 


Bedford and Rodger, . 

Linder, 

Tavemier, . 

Auei, . f . . 

Scollary, 


1,064 
1,150 
1,586 
1,943 
2,207 


ft 

it 

Feb. 


21, 
22, 
29, 
5, 
11. 



3, 1890, Air motor. 



Speciality. 



>» 



it 



a 



it 



it 



i> 



Compressed air and com- 
bustible fluid. 
Metallic packing. 
Petroleum, general design. 
Cylinders and pistons. 
Petroleum, general design. 
Regulating gas supply. 





^^ 


r 


TS. 3M ■ 


ToucIjb. . 


. 2,384 Feb. 


13, IBQO, Petroleiim ignitmg by ■ 










Uki., . . . 


. 2,647 „ 


18. 






. 2,048 .. 


18, 


, Air eiii(iii«- 


Gu,b utl others,' 


. 2,1)14 ., 


24, 


inlets. 
„ Speed varying gear. 


Mimden, . . 


. 3,128 


27, 


Abel, . 


. 4,104 M«rcb IT, 


„ UovemmB. ga. and 








jiflroleum. 


Biniu, 


. 4,3C2 ,. 


20. 


,. Aililitiunal cylinderi, 
piBtnnii. anil igiiitiun. 


Euelowsky, . 


. 4.574 ., 


24. 


„ rotrolcum and gaa, inleta 
an.i ignitioD. 


Otto, . . . 


. 4,823 


27. 


„ GKneral improvement for 
regular working. 


Buter, 


. 5.005 


31, 


„ Cirailuftlmiiture ouMide 
cylinJer. 


Melniih. . 


. 5.192 Ai>ril 


3, 


,, (iaa and pctroleniD, Linn- 
pound ungine. 


Otto, . . . 


. J5,273 ., 


5, 


,. Regulating gas or oil 

motora. 




. 5,275 „ 


s. 


„ Mixture of otmoBpherio air 
and of oiL 


Lanuhuiter, 


. 5,479 .. 


10, 


„ Starting. 


Mayer. . . 


. 6,787 


16. 


,. CyliiiiJers and pialuna. 


Dheyue uid others, 


. 5,933 .. 


IS, 


„ Petroleum and giu.geiieral 
d^ign. 

., Ignitiou and regulating. 


Otto, . 


. S.972 „ 


10. 


Himilton. . . 


. «,0[5 


21, 


., UaB or vajwur motor, 
geuoral design. 


Otto, . . . 


. 8,113 


22, 




Grifiin, 


. 6,217 .. 


23, 


„ Coii]liustil>lu gases for 


tHwMpn, . 


. G,407 


20, 


„ Keeiprpettting and rotatory, 


DoningtoD. . 


. 0,910 May 


5. 


„ DmiblB uylinderi, position 

and iinute of. 
„ General design. 


Keldrng, . 


. 0.912 „ 


5, 


Butlor, 


. 6,090 „ 


B, 


,, Hydroonrboti, geneniJ 
design. 

.. Vnponser direct lo 


Stnart wd Bincpy, 


. :,i4G 


8. 








cylinder. 


Mewbnm, . 


• ■■^" •■ 


8. 


,, Combined gu and oom- 
prcBseil air motor. 


Johnsoti, . . 


. 7.626 


Hi, 


,. Eiipne, sectar of sphere, 
njid aeparute cUambcr tor 
eom\iustion, Ac 


Sykes and BU.iiiiri^ 


, 7,S30 


20. 


„ Conver^ioii of solid into 
gaitcoUB (uel. 


Popp, . . . 


. 8,322 .. 


29, 


,. Compressed air motor and 
heating stove thereof. 


Seage and Seatt, 


. 8,431 


31. 


,, Lever, gear tor valves. 


Robsou, . . 


. 9.496 Jimi- 


10. 


„ Double pititons, unequal 
,. Lubrieutors, 


ButtertichI, 


. 9.7ca 


24, 


Wilkinsuu, . 


. IU,051 


28. 


,. Producing earburetted air 
for motor*. 


■M 


. 10.0BB „ 


30, 


„ PiMon valvea. 
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Williams, . 


. 10.137 


July 


1.1 


89C 


Staart, • • 


. 10,293 


99 


3, 


99 


Vogelsang and Hille, 


. 10,642 


9» 


», 


99 


Grob, Shatze, and 
others, . • 


. 10,718 


»f 


10, 


ff 


Griffin, 


. 10,952 


>f 


H. 


99 


Lake, . 


. 11,062 


9> 


16, 


ff 


Wells and others, 


. 11,174 


ft 


17, 


9f 


Richardson and Norris, 11,755 


>> 


28, 


99 


Schiersand, 
Pollitt, 


. 11,834 
. 12,111 


99 

Aug. 


29. 
2, 


99 
99 


Holt, . 


. 12,314 


>> 


«, 


99 


Staart, • • 


. 12,472 


>i 


9, 


99 


M*6hee and Burt, 


. 12,690 


»> 




99 


Justice, 


. 12,678 


i> 


13, 


99 


Stallairt, . 


. 12,760 


>f 


14, 


99 


Vermand, . 


. 13,019 


>> 


19, 


19 


Stuart, 

Ovens and Ovens, 

Offen, . 


. 13,051 
. 13,352 
. 13,594 


If 
»i 

>> 


20, 
25, 
29, 


99 
99 
ff 


Hall, . 
Roots, 


. 14,382 
. 14,549 


Sept. 
>> 


12, 
16, 


99 
ff 


Robinson, . 
De Boutteville and 
Malandin, 


. 14,787 
. 14,900 


f» 
ft 


19, 
20, 


ft 

ff 


Redfem, 

Hartley, 

Vivian, 

Dheyne and others. 


. 15,063 
. 15,309 
. 16,479 
. 15,525 


fi 

>i 

>i 

Oct. 


23, 
27, 
30, 

1, 


f» 
ft 
tt 
ft 


)i >f 


. 15,526 


i> 


1, 


ff 


Campion and Woods 


,. 15,807 


ft 


6, 


ff 


Stuart and Binney, 


. 15,994 


91 


8, 


ft 


Cruickshank, 
Pinkney, . 


. 16,301 
. 17,167 


99 

99 


14, 

27, 


ff 
tt 



SpeoUUty. 
1, 1890, Obtaining motive power 
by exfuosion. 
Obtaining power from 
ammonia and comproaaod 
air. 
Valve gear for petroleam 
and gas engines. 

Ignition of gas, petroleum, 

and vapour engines. 
Valves for regulating and 

governing. 
Hydrocarbon, general 

design. 
Recovery of heat from 

steam and hot air. 
Ignition and other valves 

for gas or vapour. 
Governor. 
Converting heat into 

mechanical energy. 
Supply, exhaust, and 

governing oil motors. 
Compound, hydrocarbon, & 

reciprocating cylinder. 
Collapsible reservoir, 

governing and igniting. 
Motor, general, for roaa 

and tram cars. 
Charging device, fulminate 

for ignition. 
Compression of air in 

special cylinder. 
Rotatory engine. 
Ignition, valves.and cooling. 
Combination of cylinders 

and pistons. 
Ignition. 
Double explosion, second 

explosion chamber. 
Operating, valves. 

Governing, regulating, and 

valves. 
Hot air, high pressure. 
Hydrocarbon vaporiser. 
Hot air, general design. 
Copper and nickel, coils in 

connection with gas, &c. , 

engines. 
Conversion of liquid hydro- 
carbon into a&a. 
Utilisation and combustion 

of hydrocarbon gases. 
Chamber highly heated for 

ignition. 
General design. 
Gas or petroleum, general 

design. 



I 



Matteraheai', 

HigginBon, . 

Sayer, 

GriSia, 

Bonlt, 

Lancbester, 

Roota, 

Lobet, 

Griffin, 

Albrecbt, 

Hcilt, . 

Leiitz and others, 



LIST OP PATENTS, 

, 1890. Com] 



371 „ 


30. ., 


161 Nov. 


11, „ 


401 


14. .. 


645 „ 

ITl 

1313 Dec. 


18, M 


T91 „ 


■1. . 


962 ,. 


6, , 


226 


11. , 


S88 „ 


22, . 


165 ,. 


20, , 
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id cylinder, hollow 
valves, combining pai- 
sagea and ignitian, &<!. 
Loose piston controlled by 

Oaseo us presau re,ap[)aratui 

Igniting in hydrocarbon or 



Igniting devices. 
Ignition and starting, gBB 

or hyilrocarboD. 
Prevention of leakage in 

petroleum, &c. 
Distributing devioo for 

Forming oombuBtible Bpray 

of air and Snely dividecl 

hydrocarbon. 
Gas generator and motor 

combined. 
Water Jacket and tank for 

uniform tempcratore. 
Single acting engine, 

general design (novel). 



Finkney, 
Carling, 
Gray, . 

Bickerton, . 



L 



Kehlberger i 

Foiigiie, 
Adams, 
MacCallum. 
Miller, 

Williams, 



2, 1891,Poaitionofvalve», and igni- 

tion, hydrocarbon. 

3, „ Governing gas nnd other 



Valve gear for gas or |wt- 

Areo-bydro-thariDO onguia. 
Itutatory engine. 
Heat engine fluid piston, 
Petroleum viporiaer ind 

cylinder combined. 
Combination of cylinder. 
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Weatherhogg, 
Abel, . 

Gray, . 
Rouzay, 

Hughes, 

Weiss, 



Coffey, 
Rockhill, . 

Wertenbrach, 

Priestman and 
Priestman, 

Trewhella, . 

Dawes, 

Fenby, 

Priestman and 
Priestman, 

Lanchester, 
Campbell, . 

Griffin, 
Cooper, 
Vanduzen, . 



Higeinson, . 
Facbris, 



Skene, 



1,447 
1,903 

2.053 
2,815 

2,976 

3,261 



3,350 
3,669 



Jan. 
Feb. 



»» 



27,1891, 
2. 



4. 
16, 



18, 

2:?, 



»♦ *^» 

„ 28, 



3,682 „ 28, 



3,830 

3,948 

4,004 
4,024 

4,142 

4,222 
4,355 

4,535 
4,771 
6,158 



March 3, 
5, 



Love and Priestman, . 5,250 



»» 

»» 
»» 

i» 

11 
11 

11 
11 

11 

11 



5,490 
5,663 



5,747 



»» 



11 



6. 
6, 



7, 

10, 
11, 

13, 
17. 
23, 

24, 



28, 
April 1 , 



3, 



Bickerton, 
Bay, . 


• 
• 


• • 

• • 


6,090 
6,410 


„ 9, 
„ 14, 


Barclay, 


• 


• • 


6,578 


„ 10, 


Kidealgh and Wei ford. 


6,598 


„ 17, 


Abel, . 




• • 


6,717 


„ 18, 


Kenncs, 




y • 


6,727 


„ 18, 


Key, . 

Puniell, 




• • 

• • 


6,949 
7,047 


„ 22, 
„ 23, 


Altman, 
Pinkney, 




• • 

• • 


7,167 
7,313 


11 25, 
,, 28, 



Speciality. 
Hydrocarbon vaporiser. 
V^alves for gas and petro- 
leum engines. 
Vaporiser for hydrocarbon, 
(las and petroleum, general 

design. 
Rotatory, three cylinders 

rotate. 
Production of combastible 

vapour from petroleum, 

&c. 
General design. 
Flywheel guards for gas 

engines. 
Pistons, double movable 

rings. 

Admission of cold air to 

heated charge. 
Utilising residue of gases 

exploded. 
Starting. 
Valves for hydro and Rnid 

pressure machines. 

Hydrocarbon separating 
jacket into two parts. 

(ioverning by use of magnet. 

Distributing combustible 
mixture. 

Regulating and governing. 

Ignition. 

(J as and gasoline engine, 
general design. 

Using liquetiable gas for 
cooliug jackets. 

Treble cylinder. 

Explosive engine, by 
powder, '* Catling" 
system. 

Anti-tluctuator and regula* 
tor for gas, &c. 

Igniting and starting. 

Enclosed crank, and im- 
pulse every revolution. 

Double-acting, cylinder 
closed each end. 

Simple gas engine, general 
design. 

Supplying oil, &c. , at con- 
stant pressure. 

Petroleum motor, for road 
cars, &c., 

Discharge of gases. 

Governor for gas or oil 
motor. 



•* 



Conical combustion, 
chamber and ignition. 





LIS! 


OF 


PATKNTS 


Horn, . 


. 8,0,12 


May 


9, 1801 


Caiiitoine, . 


. 8,«i9 




11. .. 


Bftrrett Euid Ticebunt, 9,2^1 




I*, M 


Hardis^ham, 


. 8,400 




18. ., 


SbiUito, . 


. 8,821 




25, ., 


Boult, 


. 9,006 




.'^□iitliall, . 
Day, . . 


. 0,0.19 
. 9,247 


Ju^'e 


28, „ 


Bowhardt. . 
Hucater, . 


. 0,368 
. e,323 


;: 


2. „ 


Hawkins, . 
Withe™ and Cov 
Croedcy and Ho 


. 9,803 
ert, . «.93l 
t, . 10,298 


;; 


10. „ 


Fiddeo luid Fidd 
lrgen», . 


-«, . 10,31.1 
. 11,13-2 




18, ., 

30, „ 


Pinkney. . 


. 11.138 




30. .. 


Held, . . 


. 11,628 


Jnly 


a, ,. 


KaMlowaky, 


. 11,680 




i>. .. 


Wellington, 
Lanchester, 

Settle. 


. 11.951 
. 11.861 
. 12,330 




13, ,. 


Clerk,. 
Menard, . 


. 12,413 
. 12,931 




22. .. 
31, „ 


King, . ; 


. 12.981 

. 14.002 


Aug. 


31. ., 
IS, ,. 


Weyman and Dr 


lie, . 14,133 




31, .. 


WatkinBon, 


. U,134 


-' 


21. „ 


Hueber. . 


. 14.369 




2t. „ 


Abel, . 


. 14,019 


.Sept. 


"T 


Hoffinaa, . 

WiUiams, . 
Clerk,. . 


. 14,8n5 
. 14,»45 
. 15,078 
. iMOi 


28, ;'. 



UoiuBbyud Edwards, 17.073 Oct. 7, 



9, 1801, Simple gas engine, general 
dciigii. 
Combination of ralvcB to 

Starting gas enj^e by 
cartridges of enploaivei. 

Rotatory gas engine. 

Dran'iiig in and ex[>eltiDg 
air (or eipanaion. 

Igniting tube for petrotcnm 

Im[>roved gas or petrolemn 
uijgiDu, general design. 

Valves tor charging, &c., 

Simple gas engine, run 
either way. 

Caveman and valvci. 

Gasifying contrivance tor 

Vibrating gai engine. 

Beinlating (upply of oil to 

oil motors. 
Second piaton at back end. 
Petrolenni andgaa motor 

and producer. 
Petroleum combnation and 

igniting chamber. 
Cas pressure regulator for 

engines. 
Valve motion, petroleum 

engine, and generator. 
I mperisluible igniting tube. 
{Starting gas motors. 
Boat or tram propulsion by 

gaa. 
0[ie rating valves. 
Firing charges by magne- 
tism, dynamo, and 

Rhumkorff coil. 



Bcgiilating supply of oil to 

hydrocarbon. 
Improvement in thenno- 

iiynumo niacbine fur gas, 

Link notion for opening 

Igniting apparatns for oil 

or gas. 
Hot air, general design. 
Governors. 
Startin:{. 
Valve details. 
Mixing hydrocarbon with 

air, petroleum motor. 



3M 



AFPZHDU. 

















Speciality. 


JSTWy 


• 


• ■ 


17,364 


Oct 


12, 1891. Antoniatic \'alves. 


Abel, . 


• 


• • 


17,724 


f> 


16, 


>> 


\ aive apparatus control- 

line charges, &c. 
Simple gas engine, rotatory 


Evans, 


• 


• • 


17,815 


)> 


17, 


it 
















valve. 


Fmkney, 


. 


• . 


17,955 


»f 


20, 


9f 


Igniter for gas or petroleum 
engine. 


Shaw and Aaworth, . 


18,020 


>» 


21, 


>» 


Better utilisation of pres- 
















sure in gas engines. 


Walch, Darriogton, and 


I 










othera. 


. 


• • 


18,276 


>f 


24. 


,, 


Valve gear. 


Field,. 


• 


• • 


18,603 


»> 


27, 


»» 


Improvement of engine 
worked by hot gasea, snch 
as air, &c. 


Roots, 


• 


. . 


18,621 


j> 


29, 


»» 


Valve gear for internal 
combustion engine. 


Weyman and othen, • 


18,640 


)) 


29, 


»> 


Prevention of overheating 
















in gas engines. 


Earnahaw and others, 


18,715 


>f 


30, 


f » 


Valves of gas engines. 


Clerk,. 


• 


• • 


18,788 


f » 


31, 


,, 


Starting gear. 


Roots, 


• 


• • 


19,275 


Not. 


7, 


»> 


Improvement in hydro- 
carbon, &c., engines. 


Barron, 


• 


• • 


19,318 


>» 


9, 


»» 


Conversion of slide gas 
engines to tube igniters. 


Fielding, 


• 


• • 


19,517 


»f 


11, 


if 


Starting. 


Johnson, 


• 


• • 


19,772 


)> 


14, 


if 


Feed pumps for petroleum 
engine. 


i> 


• 


. 


19.773 


»» 


14, 


If 


Means to regulate tempera- 
ture of evaporation in 
petroleum engine. 


Ridealgh, 


• 


• . 


19,811 


>) 


16, 


», 


Sealed chamber and flexible 
partition in gas or 
petroleum motors. 


Robinson, 


• 


• • 


20,262 


f9 


21, 


»> 


Gas engine, general design. 


»> 


• 


• • 


20,745 


>> 


28, 


,1 


Gas engine, cooling. 


Perrollaz, 


• 


• • 


20,845 


tt 


30, 


>> 


Lubricators for gas engine. 


Knight, 


• 


• • 


20,926 


Dec. 


1, 


>> 


Vaporiser for petroleum 



Weyman and others, . 21,015 



»» 



2, 



»» 



Lanchester, 


• 


. 21,406 


»» 


8, 


»» 


Hartley 
Miller, 


and Kerr, 

• • 


. 21,496 
. 21,529 




9. 
9, 




Leigh, 


• 


• 


. 22,669 


if 


M. 


it 


Burt, . 


• 
• 


• 
• 


. 22,659 
. 22,578 


ti 


24, 

28, 


ft 


Seek, . 


• 


• 


. 22,834 


f> 


31, 


)} 


Abel, . 


• 


• 


. 22,847 


tt 


31, 


»> 



and heavy hydrocarbons. 

Ignition, cooling, and 
vaporiser for hydro- 
carbon. 

Operating valves and 
governing. 

Governing gas eno^iiie. 

Valve gear, specially 
exhaust. 

Utilisation of gases before 
expelled from cylinder. 



» f 



>» 



Starting, stopping, and 
reversing gas and vapour 
engines. 

Simple gas or hydrocarbon 
engine. 

Combination of vaporiser 
and explosion chamber of 
hydrocarbon and oil 
motors. 





LIST OF 


PATENT 


■B. 387 


SPECIFICATIOXS C 


r Patents nLEU ma 


Gas, Petbolepm, and 


Hot Am Engines 


rOR THE 


Year 18S2. 








gpcctilllj. 


RichanleoD aii<i Norrin, 


ll'_> JftU. 


4, \Wl, Starting gas and vapour 










Eilwardi, . 


260 ,. 


6, , 


Utilisation of air or otiier 


Kronk, . 


<35 
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r Db. a. SLABY. 

ilo oiperiinenls were made by Dr. A. Slaliy P"*- 
e^bnisohe Hocn-Subiile, Berlin, to investigate the beat cycle 
B a ;ai engine. The object with whioh they were ondertaken wu, in Or. 
Ukby'i word*, to " determine by meaanremenM the divisioa of heat in a 

r*ne. in order to deduce therefrom the oonilition* for the best utilita- 
the comkuAtible," Tbey have been publiilieil from IM'JU to 1802 
c pamphlets, compriaing 196 pugnB. illosCrated by many ptatoa and 
mis, anil form (be most eihaaativc treatise oa this particnUr subject 
which the author is acqaainted. An abstract of their contents is hera 
^__ I, unit witi, it is hoped, serve as an introduction to that careful atudy 
sf the original, which Dr. Slaby'a laboriotis researebei raorit 
, The engine experimented on was e, twin-cylinder hori»iotal 8 H.P. 
~ rmun Otto engine, employeiL for driving the electrical laboratory in the 
rlin Techniou Ili^h School. The gas used was always lighting gas, 
do from Ujnjier JSilesisn coal, (rom the gas-works at Charlottenliurg. 
ir lierlin. Tba diameter of the cylinder was 172 mm. —6 '8 inches, and 
ike 340 mm. -19-3 inches. In all, 306 experiments werv made, from 1886 
o ISUO, divided into two sets, but Dr. Slaby is still continaing his work en 
^0 fame engine. For further detail* of the motor see p. 301. 

Heating Value of the Obb,— Famplilet L— The author be^ns by ex- 
■ressing his desire to elucidate the various nueations still undecided In tha 
beory and practice of the gas engine. With this oliject it is necessary, he 
RinsiilorB. lirst to determine the composition and heating value of the gaa 
IWBii, The chemical oonstituenta of any kbs depend upon the raw material 
ooalli the process of generation and purifioation, and tiuie which haa olaiar' 
^-.^ .!,_ beginniu)! of distillation. But the difficulty of arriving ftt 
iwleiJge of the beating value and composition of uiy given g. 
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80 great as to be almost insuperable. The subject has never been thoroughly 
investigated. All that can oe done, to ensure uniformity in the constituezits 
of lighting gas daring a test, is to carry out the experiments always at the 
same hour of the day, with gas from the same main. 

Not only is the composition of gas given differently by different author- 
ities, but the proportions of heavy hydrocarbons are variously estimated. 
Some writers class them all as C4Hg, some as CsH4, some as half one, half the 
other, producing a difference in the heating value of the gas of 8 per cent. 
This method was not sufficiently accurate for the author's purpose. After 
many trials he found that the heat value of each hydrocarbon could be 
expressed as 

H = 1,000 + 10,500 X the density of the hydrocarbon 

(H representing the heating value in calories |>er cubic metre), and that 
this formula was also applicable to any given mixture of the same. It was 
necessary, therefore, to determine the density of each gas to within J |)er 
cent., instead of taking the residuum in the gaseous mixture, after analysing 
the different constituents H, CH4, CO, &c., as nitrogen, and reckoning its 
weight as such. 

To calculate the density of the hydrocarbons, a Schilling apparatus was 
used, of which a drawing and detailed description arc given in the original. 
By this instrument it was found that the densities of any two gases were 
inversely proportioned to the squares of their speed of discharge, at the 
same pressure, through a narrow orifice. The experiment being carrietl 
out first with air, then with gas, the density of the latter was thus deter- 
mined. Great care was taken to ensure an even temperature. Satisfactory 
results were obtained by these means, but it was necessary to check them 
by experimenting ui)on perfectly dry lighting gas ; the Schilling apparatus 
being immersed In water, the gas in it was always slightly damp. The 
difference between moist and dry gas was consiaerable. Saturated air 
weighed 0*75 per cent, llfjhter than dry air^ but naiurated gas weighed 0*94 per 
cent, heavier than dry gas. The gas was next directly weighed. Two glass 
vessels were filled resj)ectively with dry gas and dry air, and after being 
both brought to the same temperature aud pressure, they were weighed. 
Inmiediateiy after, the glass vessels were weighed alone, and the propor- 
tional weights of the gas and air thus determined. The correction for the 
Schilling apparatus was found to be only 07 per cent., but this accuracy 
was obtained after years of practice, comprising about 1 ,000 determinations. 
Finally the Lux gas weigher was used, and gave excellent results, about 
3*8 per cent, higher than the Schilling, owing to the dryness of the air 
and gas, and faults in calibrating. 

To determine the heat value of lighting gas, the percentage in volume 
of the heavy hydrocarbons was ascertained oy analysis. The specific weight 
of the gas being known, and the residuum taken as pure nitrogen, the 
specific weight of the heavy hydrocarbons was deduced from the weight of 
the gas with and without them. This method has the disadvantage of 
assuming that the residuum consists entirely of pure nitrogen, whereas it is 
known to contain ammonia and other substances. A more satisfactory 
process was as follows : — The gas was first carefully weighed, then passed 
through tubes and vessels containing glass shavings, sulphuric acid, potash 
water, &c., to separate the hydrocarbons and carlx>nic acid. The purified 
gas was then again weighed, and the density of the heavy hydrocarbons 
found by deduction to l^ a mean of 1 '12. This agreed M'ell with the ordi- 
nary analysis of Berlin gas. It may therefore he assumed that in any given 
cas the mixture of heavy hydrocarbons is essentially a constant, the greatest 
difference in the heat value being 8 per cent. During one day of a trial, 
the difference was seldom more than 1 per cent. It is necessary, however, 
in making an experiment, to determine the heat value of the mixture of 
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hskv; hydrockrbcm, which vary from 13,000 to 37,000 caloriei per cable 
metre. TbroUKlimit the oxperimeuta it woa taJceu at 1B,D00 calories per 
cabic metre. 

Products of ComtaustioD. — In the Beooud Pamphlet the compoaition of 
the productB of caoibnetion is cooaidered, aad the cotutuitB determined. 
The g|kecilic weioht nt 1 cubic metre is 0'417, with n hedtiug value of 
4,SS3 culorieB. For complete oombuBtioii the weight of oxygen required 
for I cubic metre ot lightmg giia in 1*515 kilo., aod of »ir (!'425 kilos, or 
4-1165 cubic raetros. The combustion produceii 6965 kiloi. or 6'6S4 cubic 
metres of prodnct*, or a coDtmction of 48 per cent. Analyies of the 
products of combustion with liifTcrent dtlntioiu of air were carried out on 
seven different days, and the meaa taken. In none of them could any trace 
of uabnrnt hydrccsrboDB or carbonic oxide be discovered. These analyeee 
do Dot give the percentage of steam, which ta certainly Huperheated, nod is 
reckoned, fur the above prnportiona, at I ''20Q cubie metre. The diflurent 
Constanta for proportiona of 5, 6, 7, ftnd 8 volumes of air to one of gaa are 
■hown in a table and platted out, namely — Percentage of contraction during 
combustion ; weight and specific weight of 1 cubic metre of the mixture 
..1 1..._^-._ .... _f , cubio metre of iiroduota; and conatanta of the 
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given from Alollard and Le Chatelier, and the values calculated 
at constant pressure, and at tempemturea of 0", 100°, 600% 1,000", 2,000" G. 
From these the specific beats, at conatoot pressors, of tbe products of com- 
bustion under the same conditions are reckoneil, and plotted out. Tbe 
horizontal lines show the rise in temperatare of the gases from 0° to 2,000°, 
tbe verticals the increase in their speciGu heat at constant pressure, for a 
given dilntiou of gas and air. 

Eagine and Inetrumenls.— The eitierimenta to verify these calculations 
were carried out on the engine already deacribcil (drawings of which ore 
given). The quantities of gas, air, and of cooling water were carefully 
measured. During the experiment only one cylindor was used, the other 
being employed to determine the piston friction. Tbe qnontity of raa was 
measured by a glycerine gns meter, marked to show half litres, the coD' 
sumption for the iznition flame being given by a separate meter. Both 
meters were carefully leated before tlie experiments, and thermometers 
inserted in them, from which the temperatures conld be read off. From 
the meters tbe gas pawed to the engine through rublwr bags, a pressure 
gauge being Bxed in the admission passage. In all the experiments tbe air 
was measured in a gas meter, provided with a scale, thermometers, and 
pressure gauge. The error in this meter was foimd to be nnder ^ per cent. 
The air was forced into the air meter by means of a small fan, driven by a 
little water motor. The pressure was determined by passing it, before it 
entered the meter, through a small air holder, maintained by weights at a 
constant height. The cooling jacket water passed to the engine through 
pipes in which small copper tubes were inserted, one at the entrance, the 
other at the exit ; these tubes contained delicately graduated thermo- 
meters. The quantity of water was previously measured in gauged tanks, 
and afterwards passed into another tank. 

The governor was not acting during the experimente. The opening 
admitting the gas could be adjusted by means of m screw, but in the trial 
H kept tiniform, with the wupe ^nportian of gM. Speti 
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fixed in the exlianst p 
ttramentB. He next operated 
with ordinary gliies, quickEiIver. and nitrogen themiomcters, marking np 
to 460° C. By cooling the cylinder veiycousiderably, luid greatly r«daciiig 
the Bpeed, it wiu possible Ui redace the leinperaturu of the eihaiist gases t* 
the desired limit. No practical remits were, however, obtained until a bnll 
calorimeter was nsed. In tbc ordinary exhaust pipe a couk was &xed 
which, when opfn, nllowcd the gases to puss in the uaiial way into tba 
atmoepbere. When elosed, the giues oF combustion were forced throuch 
anotber channel, joining the main eahauat pipe at a point below the cock. 
In this pipe was a hollow cock, the socket of which contained an iron badl. 
By tanjing the cock 90° either way the ball could be introduced into th« 
socket, or allowed to fall out below. To make au experiment, the gases 
were first shnt otTfrom their usual course, and the aide cock opened, cauaine 
Ihera to flow thi'oHch an auniliary pipe. The ball bein^ previously placed 
in the socket, and kept in insition by wire-netting, it was expiMed fin- 
half an hour to the current of^ the hot exhaust gases. A cslorinieter con- 
taining water was then placed beneath it, the cock turned, and the ball 
droppnl into the calorimeter, when its temperature was determined in th« 
usual way by the rise in temperature of the water. The author thns 
EQCt'eeded in obtaining accurately the temperatures of the exhaust gase* 
which, plotted on a curve, wore compared with those arrived at wiUi so 
ordinary thermometer. 

The indicators employetl were of various kinds. No brake was nsed on 
the engine during the experiinenta, because the author, who worked for 
tho most part enliroly without help, was not able to carry out brake at tha 
same time as calorimetric experiments. The broke efficiency was at other 
times carefully noted. 

Volume of Clearance Space. — The compression or clearance space of 
the engine was 00 per cent, of the total suction volume of the piston. This 
was determined— 1. By direct measurement of the internal dime 
the cylinder; 2, by filling the cyUnder with water, and thus n 
both the compression space anil volume engenilered by piston. 

Flston Fricticn. — The piston friction was next calculated, the heat 
thereby generated Affecting materially the heat balance of the motor. This 
was done by shuttinc off one of the two cylinders, and running it without 
gas ; the rise in temperature of the jacket water gave the beat due to the 
piston friction. -Seven experiments were made on two different days, &tid 
60 litres of circulating water used. The trial varied from half an hour 
to an hour and a half, and the rise in the temperature of the water, cor- 
rected for the heat of the room (which was always about S' higher thun 
that of the water at discharge), varied from 5' tn 8°. The number of calories 
carried off per cycle i-aried from 0*09 to 0'I3. The mean tempersturii 
of the walls was abont 3° below that of the water at discbar^.* The 
results, when plotted out, showed that the friction of the piston decreased 
with the rise in temperature of the walls for about the same nuniber of 
revolutioni : in otlier words, the higher the temperature of the walls, the leaa 



This was clearly re _ 

piston friction wa« found to depeatf not on the speed, but ou uie oiean lem- 

Crature of the walls. Thus with a mean wall temiieratnrc of Vi, Um 
at generated by the piston dnring two revolutions, or one cycle. wasO'lSS 
calorie, wiih a wall temjierature of I5'''6 it was O'lT calorie. The speed* 
varied froui !)T to 182 revolutions jier minute. These results are worked 
out and sumiunl up in a table, thiiwiug the generation of hi-at by ptHtoa 
friciion. with a wall temperature of 10' to 55'. Taking into DCCount tli» 
indicated work, the author arrived at the couclasion that, (Ac ^oii>er fA« 
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icaii lemperrUnre the greater the /n'rti'oit. With a temparatnre of 10°, 
nearly one-third the indicated work wai expemled in j>iatiin friotiun ; it 
Bank to S'5 per cent., with a wall temperature of 40", correRpnudiDg to & 
tenipcmtun: of the water at diachurgit of 70°. If it were i>osBible to reduce 
the wbU lem[ierature to 3°, the engina would not bo iibld W overcome the 
fricttonal resistance. 

General C;ole.— Pamphlet m.— The amount of hent turned into indi- 
cated work during a complete cycle in a gax engine, is influenced by the 
foUowins factors ;— 1, Heat Talue of the saa ; 2, piston speed ; 3, tempera- 
ture of the wnlli; 4, proportiun in which the gas is diluted with air, or 
with neutral gejiet ; 5, amount of compresiioD before i^itioii. Tn study a 
gas engine properly, each of these five should be separately I'aried, the 
others being maintained constant- The heat value of toe ana having Ireen 
already considered, the next question is the influence of the piHtmi B|ieeil. 
The author found that hie e)i|ierinicnti did uot conlirm the getienl opinion 
that the efficiency increased with the sjieed. The gaa consumption per 
I.H.P. per hour, when the engine was rnuning at 87 and at 180 revolutions 
per minute, was practicatly the same, the tempernture of the out jacket 
water varied only 2* or 3°. The I.H.P. was mure thou ona-tbird higher nt 
the above high speed, but the negative work was greatly increased. "As 
these results were qnestioned," Bays the author, •' I repeated my experi- 
ments in sets of two together en the same day, and proved that, if a motor 
ia allowed to run continuously for some time, nud the spited be increased, 
certain phenomena intimately connected with it make their appearance. 
which not only counterbalance the favourable effect of the augmented 
epeed, but act prejudicially in the opposite dlreclion. These influeucen are 
principally mauifeeted by the riee m temperstnre of the products of com- 
bustion, and the inurease of the negative work, correB])oudiug to the period* 
of exhoust nnd admission ia the gas engine. The increase in uegntive work 
was revealed by the indicator which, with a weak spring, showed that the 
mean pressure corresponding to the negative work rose from O'OTO kilo, 
per square ceotinietre when the engine was running at 02 revolutions, to 
0*242 kilo, per square centimetre at 191 revolutions. The temperature at 
which the products were discharged rose at the some time more tlian 150°." 

Two series of experiments were undertaken to determine Che inflnence of 
the speed, and yielded results at variance with those obtiiineil by Professor 
Wil/. The temperatures of the jacket water and exhmiBt soses were 
measured as described. 

The cycle of the gas engine was divided into— I, Admission ; S, Com- 
pression; 3, Ignition; 4, Expansion; 5, Discharge, and each of these 
perioils was studied experioienlilly. 

Considering tiret the admission period, the anthor found that though the 
proportion of air to gas varied a little, the mean temperature of the jacket 
water, or that of the walls, rose slightly, though not in ever; case, and the 
temperature ot the exhaust eases always, in almost exact proportion to the 
increase in the speed. With 90 revolutions the exhaust temperature was 
400' C, nnd with 170 revolutions, 529" C. The total volnme of tho charge 
drawn in per stroke decresaed with increase of speed ; with double the 
revolntions it fell more than 20 per cent. This proportion varied in the 
diflerent experhnents, the diiTerence beini; less, the higher the speed. It 
was clearly a result of the available adminsion volume, which was dependent 
on tho pi'uiHures at tieginning ami end of the cycle, and upon the mean 
temperatures Bt these two periods. To detenniue the pressure during 
admission, it was necessary to know how far the line of admission varied in 
pressure from that of the atmosphere. This initial pressure was found to 
mcreose in almost exact ratio to the iiicit-ate of speed, from whence tlie 
author concluded that it depended entirely tt/iOH the aitmlirr o/ mvlulione. 

Other experiments on the back pressure nt the exhaust gases showed 
that, at the moment the exhaust valve closed, the prenure lina rose 
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•tightty, in fairly exact proportion to the nnmber of revolutions. It was 
always higher with increuae of speed, vikrying from 8 mm. with 98 revohl- 
tions, to U mm. with IM revolution* (boUo— 29 mm. = 1 kilo, per aq. cm.) 
Plotting out the values obtaincil, the author found that. how«rcr tbe 
conditiont of discharge were varied, the pressures >lwaya rose with the 
increase of speed, hat much more gradually after the eagina had been 
running for an hour, and a certain equilibrium id working was obbuned. 
Thus the eihauat aa well as the initial pressure depended entirely on Uie 

The temperatures at admission and discharge of the gasea remained (o be 
considered. The first the author had no means of determining. The 
tflmperature of the iinxlucts of combustion left in the cylinder ia aboat tlw 
same as that determined with the calorimeter and ball, but at the moment 
the exhanat valve opens, the author verilied a sadden mamentary riaa 
of 2° or 3". Nevertlieleai he assDmed that the mean temperature of tlie 
products in the cylinder, and of the exhaust gases, was the same. The 
temperature of the exhaust gases was higher in the one set of experimente 
than in the other, about 3 per cent, absolute temperatare at 1^ revolatiooB, 
although the speed and the volume of the char^ were the same, and this 
was explained by the difference in pressure, whi>:h was 14 per cent. Sf 
itself this difference should have produced a higher exhaust temper«taro ; 
hut the mean temperature of the walls was on the other hand S" lower, thna 
showing their influence on the temperatara of the eihanst. The temperft- 
ture of the chai^ in the cylinder at the end of admission was obtained bjr I 
Golcnlation. Plotted out on carves, the figures showed that this temperatar* I 
also increased with the speed, but not much. With double the number of , 
revolutions, the increase was only from 106" C, to 128" C. The tw» 
experiments showed the same varuition of temperature as before v^nSed, 
about T° at equal speeds (150 revolutions). Hence the mean tempMnktnre 
of the products left in the cylinder had hut a slight influence npoQ tihe 
mean tem|>eratuce of the freshly admitted charge. The author was able to 
determine with certaintv that the temperature of the charge at adnUssion 
was about 100" higher than that of the cooling water at discharge. 

fie sums up these reseanihes by stating that the difiereuces in the volome 
of the charge can be explained only by these dilTerencea of presanres aad 
temperatures, which he lonnulatos tliua — 



pressure at admission of charge 
abs. temperature at admissioD of char 
pressure at exhaust 
aba. temperature at exhnuit 



= 22-64 - 



= 31 - 0'049 X nunilwr of revs.. 



X number of revolationiL 



These were tlic values for the first act of eipcrimente. They differed ia ti 

second experiments chiefly in res[«ct t« the exhaust temperature and ] 
pressure, whiuh. unlike the admission pressure and temperature, dependeit I 
on the ™e«'i trail itmperaian of iDeti ai the spfvl. 1 

Walls during AdmlBaion— Speed EITeot.— The author next endeavoiiKd 1 
to determine tlie action of the walla (luring admission, their tempeistor* J 
being then lower than that of the gases in the cylinder. The diffcMaei 
between the heat tiiven off by the prodncts in the cylinder, 
sorbed by the freah charfje passes into the cooling woter, and it 

to know the weights of the products, of the gas, and of the a . 

the charge. The weight of the products he found to diminish in txaet a 
to the increase of speed, being witli 90 revolution " "' 



heat of the 



the other hand, the heat carrietl off to the coolinL: water during 
inoreoaes greatly with the s|>ee{l. In the first set uf eiperin 
from DOS caL to O'lS cal., the speed being doubled, and in the 
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©■(Kcttl. toO-IOeal. fur the same increasa ot ipeeii, the temperature of the 
walla in the latter caae being about 5° higher. "It follows." says Dr. 
Slaby, " tlittt for the beat B'^en off to the walls the rise in temperature of 
the proiluata. iucreiuing with the speed, hiw a. far greater effect than the 
diminished time of contact with the wbIIh." 

Hence he dednees that the pmianres and tcmperiturcB at admiiBJon and 
cxhaast are variable, and depend on the speed, and the mean temperature 
of the walla. The admission pressure aud temperature depend on the 
speed, and are butiliifhtly affected by the temperntvre of the products with 
which the fresh charge mingles, and that of the cooling water. The 
exhaust temperature and pressure are greatly affected by the walls. If no 
water is aljowed to collect in the exhatmC pipe, llie pressure of exhaust 
bflconie« a function of the speed, and the proportion of pressure to temperv 
ture of exhaust, the wall temperature aud dilution of the charce being 
maintained constant, can he approximately calcalated from the speed. Thus 
formulae are obtained for calculating the volume of the charge admitted 
per stroke, the total weight (including that of the produota) and quantity 
ot heat given to the cooling jacket. The author consideva that the greater 
the number of revolutions the smaller the charge, and he says further :— 
" If the quantity of gas admitted is amaller at high than at tow speeds, it 
will be evident that the difference between the heat given oiF by the 
products (luring admission, and the heat taken up by the freshly nJoiitted 
charge muat he coDalderably increased by incrcue of speed." 

Indicator!. — PEunphlet IV.— The least known part of the gas engine 
cycle is that comprising the ignition and el|>ansbn of the charge. There 
is only one way of determining the connection between the spread of the 
flame and the cooling influence of the walls, namely, an analysis of the indi- 
cator diagram. 'J'he author, therefore, devotes the whole of this pamphlet 
to an exhaustive study of indicators (Crosby and ollicrs) and a determination 
of their limits of error. The indicators chieHy ui>ed during tbe experiments 
were a Crosby and a Storchscbnahet. 

Compresston.— Pamphlet V, deals with compresaioD in the gas engine. 
During this perio-i the amount of he.it set in motion aiiil its direction bhould 
be determined. The problem it simple, if the compressian curve be re- 
placed by u " polytropic " * curve. 

pr* = const. 

The initial pressure having been shown tn dejiend entirely on the speed, 
the compression pressures mu&t be taken from the diagrams. I'he njean 
pressures for two sets of experiments are given in tables, and when plotted 
out, the abac i«sn.'repreacntuig the number of revolutions, and the ordinateatho 
pressures of compreiwion in millimetres above atmosphere, these cnmpresaiolt 
pressures are shown to follow a strict law, and to decrease in proportion to 
the increixse of the speed. This law the author reduces to a formida. From 
the two seta of experiments he lays down the proposition that lA' ('orn7>r««»on 
premvTt deptnd» eulirtly upon Ihe itptfd of the curiae, and can be reckimtdby 
a giitn formitlii. Desiring next to know if the comprcasion curve agreed 
with the polytropic during its whole course, he cakulates the pressures, at 
half way through the stroke, from all the diagrams of the second set of 
experitilenta. They were also found to diminish with increase of speed, 
though not to the same extent as the initial pressures, and tbna the aaia- 
liression curve agreed with the polytropic thronjihout its course, and could 
be accurately calculated, the expooeut being 129. To prove il 
from the odiabatic, the author reckoned the apeciSc hoal for both ai 
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«oiutiillt preisure and Tolnme of the mixtare of gas, air, and prodncta. li 

Wiw uonsiclerBbly hiE'ier for tho adiftliatic tlmu for tlie palytropjc curve, 
with vrliicli lie hail proved the conipreuioa curve to agree, and bcnoe be 
Gouclutlei that during compreiiiion then I'l a loff of heat to the icaUit. OLher 
coodiUoQa bejny eiiual, this cniiiprcaaion pressure is n function of the Bpe«il. 
Tliua nt 100 revolutiona, the iiiiual preaaiice being atmo«i.heric. the prcwure 
of cumiiRssiau is S iiO kilos. p(:r square ceutiinetre ; at 200 revulutioiu 
(donUle speed) it ia 3-Ofl kilos. 

The mean temperature during; compnusion increisea with the speeiL 
With a mean temperature of 300' C. the speoilio heat of the products of 
comlmitiouis 11-5 per cent hisher than at 0\ Tlie mean rUe ia 130", tLe 
proportion between the initial and compresiion temperaturva remaininK 
conitiuit at 1-32. The work of compression, especially tho inL-reiise id the 
iiitemal work, aUo depends upon the speed, Tlie uhanj^e of oumlition ii 
occouipanieil by a carryiiiK off of the beat, bnt this aliBtraclioii of heAt ia 
smnll, and aliublly dimiuisbes with increase of speed. 

Iiinitlon Period.— The next question eonaideced is the ignition period. 
This cnn only be studied l>y the help of the indicator diagrams txken by 
tho author lu each experiment. The diflVrences in the diagrams obtained 
uuder precisely niniirar conditions the anthor attributes to the varying 
compoutioD of tho gas mixture which, even if the valve action is perfectly 
regular, is subject to oncontroUable fluctuations, due to sbght difference* 
iu the speed of iguition. It is well known from Mallard and Le (.'butelt«r'a 
ex{ieriments that the speed of ignition increases up to a maximum with 
iocrensing richness in the gas mixture, but if the proportion of gus bo still 
greater, It falls a^uin. The indicator diagiams showing tbe i-lTect of « 
richer or poorer mixture give curves sinking regularly one lielow tbe other 
with the decrease in tlie proportion of gas in the mixture, but do not explain 
the variation in the rounding shape of the tup of the diagram. The iiuthor 
does not Bttributc this to the i|;uilian Qame, but considers that it is probably 
cansed by diSerencea in the local arrangement of tbe charge, aail not by 
fluctuations in the strength of tho mixture, wiiii'h csn bardly occur trhta 
the engine is runuinz regularly. The suiill, perfectly vertical part of the 
indicator diagrams obtained by liim is due to the ftirce of the exploaiou ^ 
the iunition jiort ; the rest of the line, deviatioi^ more or less from tbe per- 
pendicular, represents the ignition uf the remainder of the charge. At tba 
top of nil diagrams (tsken with double springs) he found a distinct " nick," 
marking the ]-oint where expansion and fall uf pressure began. To thia, 
tbe puiiit of highest temperature in the cycle, be devoted careful stud jr. 

Considering first the temperature and pressure of couipression, oud of 
this manmum point in the diagram, he reckons the mean specilic lie*t of 
the charge at oonstAnt volume from that at these two points. 1*lie anioant 
of heat shown by the diagrams in the area enclosed Wtweeu the poiut of 
highest compression and of iiiaximum temperature (ignition), the atmo- 
spheric line and tho corresponding ordinate of presanre, is alwiiys less Uum 
that set Free by the combuntiou of the gaaes. This difference In bent must 
be accounted for iu one of three ways. Either Tl is developed during titis 
period, iu which coiio it inU!.t be entirely absorbed by the walls ; »r incom- 
plete combustion, " nacbhrennen " takes place; or both proceaaes «ra 
combined. ^AnalytesoEthe products prove that, at somepeiiod of thcstrokft, 
there is perfect combustion of tbe whole gaseous mixture. If tbe befek 
JKUSCH into the walls, tbe amount thus trausferred must be in proportjoa 
to tbe surfaces in contact, time of exposure, and difference of temperaturo. 
If " iiochlirennen " is produced, it must depend on the proportionnl uomp^ 
litiou of tho charue, and on the speeil, and be increased by poorer mixtnre* 
and greater ipeeds, Tho figures obtained by the author show, <ispeci»IIjr 
with reference to the speed, that this is nol no. Taking the iliffierene* 
"■-* -' ■ ' ' ' - it of the cliarge at this point of the stroke, nnd th* 
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the diagrams, and plotting tl 
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aathor finils ttie peroontBga of tbia difference to be higher with low than 
with gi'oater •peeds, being 8-j jier cent, with 179 revolutions, nud I3'2 per 
aeat. with 100-6 revolutiunB. At 150 revalatinna aboat 10 p«r cent of (he 
total heat iliuippeitreil. A« neither the Kiirhi.'eB nor the maKimtini temprr- 
atiires vary mach, the dilfisreTicei producing this loss of heit must lie in the 
time of wall contact. If all this neat puaaea into the walls, it will bu pro- 
jmrCioned to the time the indii:ator pencil takes to travel from the cnmprea- 
sion to the igoition p<unt, or what the author cnlla tlie " time of ignition." 
Tlie pheoonitDOn cannot be osuied by irregularities in the action of the 
engine, because these, when tested for tiaie with the ubuoI tDnin;;-rork appa- 
ratus, were found to be less than \ per cent. ; the speed woa therefore 

The author pmceeils to find the angle through which the crank passes 
during this period, and expresses in a Eorniula the proportion between the 
lUatance passed through, and the angle of crunk revolution. By these 
nutans he was able to determine the time occupied in traversing the distance, 
in proportion to the speed, which, when plotted out, showed that the shorter 
tlie time the less heat disappeared. The increoae in the heat lost was pro- 
portioned to the duration uf combustion. Hence the anthor assumes that. 
al tht point of hioheal lemperaturr. rojnbtution t's emUd, and Iht heal not 
shoicii in the dianramt hat vihoUi/ piuitil into Iht icaiU. 

Speed of Ignttlon. — Having thus Brrivod at the time of ignition, the 
author was able to determine approximately the speed nf ignition. By 
calculation and measurinf; the diagram, he reckoned the total length of the 
ignition channel in proportion to the length of stroke, and was thus able to 
express the ignition speed in a formula. This speed of ignition was nearly 
doubled with twice the number of revolutious. being for 100 revolutions Q'G 
metres per second, and for 180 revolutions 4*5 mttres. These Kiinrcs agree 
with Mallard and Le Chat«lier, who fonnd that the speed of icnitiun increased 
greatly when the gas was in a state of violent motion, and attributed the 
plienomenon not only to condnction, bat to dilferences of speed in the 
component parts of the gas. As the charge in a gas en^^e must be in 
violeut motion during ignition, conibuation is really complete at the ))oint 
of maximum temperature, between ignition and ex|iaaiioD. Thus there is 
a sudden eipEoBion and rise in pressure at first, then a powerful Hame darts 
into the cylinder, and with a sinatler speed of propagation ignites the 
whole charge. This speed of propagation is affected by— Composition of 
the mixture ; speed of the engine (shown in the more rapid motion pro- 
duced io the cylinder) i the particnlnr local atratifi cation of the gaseous 
nmSB, whether bomogeneoos or otherwise. Combnstion is completely ended 
in from 0'03 to 0'06 second, corresponding to the maximum mean tempera- 
ture, after which expansion, without addition of heat, takes place. No 
dissociation is possible, since the maximum temperature is nover above 
1,000° C. During combustion the flame certainly comes in contact with 
the walls, and transfers to them some of its heat. But this is only from 
8 to 1.1 per c«iit. of the total heat, and therefore, considering the ditference 
between the heut conductivity of the metal and that of the products of 
combustion, we may conclude that this contact does not Inst long, 'llie 
pruceas of combustion chieHy takes place in the kernel of tlio charge, sur- 
rounded by neutral gases. The author therefore is of Otto's opinion, 
and considers that the composition of the centre of the charge not being 
homogeneous, a more favourable economic effect is produced. 

d^ the 



eot IS produoert. 
Sxponsloli Period.— Famplilet VI. treats of the period of e 



polytropic curves from one ordinate of pressure to tlie next. The oxpo- 
uent, already given, is governed by the speed. The values thus obtained 
are plotted ont, and when compared with true adubailo cnrvea, tba author 
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foDiid that dnring expansion there i> n tonUmioni currying off" of a {trga 
aniouni of heat to llw. lualla, Itv temptratitrt /atlin;/ atj(r»l, iinti then ruing, 
Tbil is explai[iqd by the combineil inQueDce of the dsoreasing teioperatnt* 
and increasing wall auHacc eipuBed. At the beginning of expsuaion, Ui*i 
quantity of heat carried off is determine<l by tbe temperature, at tho end 
of expoiuioD, by the cnoling wall surfsct:. It ii only at a epeeil of 400 
revolationi per oiiaute that the eipanBian uarve apprDxiinatcn to tba 
Bdiabatic. 

Conudering next tlie fact, shown alreaily to be probable, that darinj; 
eipansion no increase oE beat is proilaced by internal heating, the heat 
parted with exterualty miut be at the ex|>enae of the intetTial energy of th* 
gaa. This can be calciiUtcd from the tenipcraturea and the corresponding 
apecilic heats at CDnstaot volume. The difference between this iutomu 
energy and tlie external work done shows the amount of beat imparted le 
the walls. These three quantities can be Bi[)ressed either as heat or ai 
work. As work thry may be measured on the indicator diogram aa func- 
tions uf the lengths of stroke, and repreaent the divisione of beat. The 
two quantitiea of internal and external heat are reckoueil for any ^vea 
portion of the stroke, converted into units of work, and divided by tha 
volume passeil through by the pinion. Plotted out, they show that the 
abstmetiOQ of lieat by the walls follows a regular course. At lirst the walls 
ore relatively very cool, and the temperature of explosion very high. 

the wail temperature risES. leas heat is abstracted, and at the end of i 

hustion a minimum is reacheJ. The heat curve now ribes. becauae the 
cooling surfaces are increased by the out stroke, but about the middle of 
the stroke another fall is produced l-y the increased piston speed. It again 
rises at the end of the stroke, as the speed is reduced. These curves show 
only the amount of heat actually abstracleil, and do not enable us to verify 
the progruss of combustion, and whether part of the heat carried off i* 
developed by "nauhbrennen." They reveal, however, that the heat parted 
with to the jacket during expansion, is inversely as the speed. The nigher 
the speed, the le^s heat is carried oS 

Slzhanst Period. —This may be divided into two parts. During tbtt 
first, occupying the last tenth of the forward stroke, a portion of the gaM* 
escape, carrying oCF part of the total energy of the charge, la the iSiue 
of "force eii-i?,^ or "energy of exhaust" (as Zeuuer calls it). The re- 
mainder of tlie gaaes are discharged at lower speed during the return 
stroke. The author endeavours to detenniiie the heat value of thia 
"energy of exhaust" from the heat balance of the engine The heat 
reoeiv^ is the heat set free by the combustion of the iiuhting gas. Tha 
beat going out is divided into — 1, Indicated work, both positjre and 
negative, measured from the arot of the diagrams, and rednced to calorie*. 
2, Heat passing into the walls and carrinl off into the cooling water, 
leas the heat absorbeit in piston friction. The latter beat value is oolca- 
lated, as before stated, from the rise ia temperature of the jacket water 

" ■'" uintity used, which was always 200 "" " '* "" 



this quantity throngh the jacket varied from fourteen to twenty minntes, 
3, The appreciable neat carried olf in the prodncts of combustion. The 
weight of the products is known, being the same as the weight of gaa and 



..ir aiimitted per stroke. Their mean temperature is calculated from th* 
weight of the zas and air, plus their specific heat at conatant pressure^ and 
the difference between the temperatures at admission and exhaust. The 
valnes obtained are shown in a table. 4, Heat value of the work of resist- 
ance daring eiliaust. Thia ia reckoned from the difference in volnme^ 
namely, the increase daring the time from the opening of the exhaust Valre 
to the end of the stroke (aboat one-tenth of stroke), and is distinct from 
the beat value of the return or exhaust stroke. 5, The "energy of 
exhaust," or the momentum of the productn at the beginning of exhaust, 
shown by the differeoce between the pressure at t&e opening of tik* 
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exhaust valve and the constant hack pressure daring the return exhaust 
stroke. This difference is plotted on a curve. 

The variations shown are referred hy the author to the accumulated 
action of the walls. Time is necessary, that the metal may reach a state 
of thermal eauilibrium. At the beginning of an experiment the walls are 
still affected by the preceding trial, and contain more or less heat, accord- 
ine to the previous speed of the engine. In this way the author deter- 
mines the heat accumulated in the walls, that taken up by them, but not 
carried off in the cooling jacket, and that withdrawn from the walls, but 
not from the cycle. The values obtained for this "energy of exhaust'^ 
give the mean speed of the gases during the last tenth of the forward stroke, 
reckoned from their weight, as compared with the total weight of the 
products during exhaust. The speed depends on the mean speed of the 
engine. 

Lastly, the total heat discharged from the beginning of exhaust to the 
admission of the fresh charge is reckoned, and the difference between it 
and the heat of the producU remaining in the cylinder. It represents an 
energy transformed into— I. Energy of discharge ; II. Back pressure 
negative work ; III. Work of exhaust ; and IV. Energy carried off in the 
water. The author concludes that, in the escaping gases and the products 
remaiuing in the cylinder, there is a certain amount of energy or work 
represented by their temperature. The difference between this tempera- 
ture and that at the closing of the exhaust valve represents a loss of energy 
carried off during exhaust mto the atmosphere, or to the walls. There is a 
perceptible increase in this heat parted with to the walls, with increase of 
speed in the engine. 
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APPENDIX— SECTION E— TABLE OF TRIALS— 



Gas 
Engine. 



Experiment 
luade by 



Place and Date. 



Dnratlnn of ' 
Test. 



Dimensiona of 
Kngine. 



I 



> Diam. of 
Cylinder. 



LeDoir (old Tresca 
type), 



9t 



»» 



HugOD, 

BraytoD, 

Simon, 
Beck, 

Otto and 
Langen, 

»i »» 

Otto (Ger- 
man type), 



»t 



»» 



»» 






f» 



»f 



n 



• » 



»» 



»» »» 

Otto- Cross- 



ley, 



9* 

»» 

t» 
»9 



»» 

9t 

It 
}t 

1» 



»» »» 

Clerk, 

Atkinson 
(Differential 
Engine), 



Clerk 



Tresca 
Thurston 

Kennedy 

Tresca 

Clerk 

Brauer & 

Slaby 
Brauer & 

Slaby 
Slaby 

Brauer & 
Schottler 
Meidinger 
A Hard & 
Tresca 
Witz 
Garrett 

Brooks & 
Steward 
Adams 

ft 
t» 
Society 
of Arts 
Kidwell 
& Keller 
Capper 
Garrett 

Robinson 



Schottler 
& Atkin* 
son 



Paris, Jan., 18C1 



^Farch, 1861 
London, Dec, 1885 



«♦ 



Paris, Feb., 1866 
Xew York, 1873 

London, Feb! i 1888 

Paris, Sept., 1867 

Oldham, Aug., 1884 

Berlin, Mar., 1878 

Erfurt. Aug., 1878 

Deutz., Aug., 1881 

Altona, Sept., 1881 

Karlsruhe. 1882 
Paris, 1881 

Koubaix, 1883 
Glasgow 

Hoboken,U.S.,1884 

Crystal Palace,1881 



»» 
tt 



»t 
tt 



London, Sept., 1888 

Pennsylvania 

London, 1892 
Glasgow, 1885 



3.^ hours 



5 



»t 

9t 



>t 



»l 



»l 



2i 

i 

n ., 

n ., 

n .. 

h „ 

1 .. 

24 mills. 

• • • 

39 „ 

• • • 

30 „ 



London 



t» 



Magdeburg, 1886 



6 hours 



3 



i 



>t 



>9 



»t 



»f 



7tV ins. 
7A„ 



13 



it 



9i„ 
7-5 „ 

12-5 „ 

5i,t 

6iV,t 
61 „ 



6iV »• 
9 u 



8-5 „ 

13 „ 
12 t. 

9-5 „ 



8-5 „ 

i tt 
9 ,. 



ofBrVB. 
per; 



Stroke. 



4 ins. ' 130 



4} „ 



123 .. 



i?- 



i» 



40-5 „ 

11 

I3i 



•f 



>» 



13 A „ 

16 ,. 



21 
16 
12 

18 



18 
12 
20 



«> 
>t 



ft 



94 

85 



53 



146 
206 

81 

28expkh 

sioos. 
180 revs. 

160 

157 

159 

159 
155 

159i 
154 

158 

151-3 
158-7 
160 
160 

161*6 

162-5 
146 
132 
148 

159 
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GAS ENGINES USING LIGHTING GAS, 18611893. 







Cub. ft. of 


Cub. ft. of 






Authority. 


Indicated 
11 P. 


Brake 
HP. 


Gas burnt 

perl.H.P.' 

uer honr, 

including 

ignition. 


(ias burnt 

perBH.P. 

ner hour. 


Mechani- 
cal Kffl- 


British T.U. 
perl.H.P. per 


Th« word "d'agrnun" In this 


AAaA • 




including 
ignition. 


cieuc/. 


hour. 


oolumu iiieam that an iadioator 
dlaifmu ot the trial is girui la 
Ui« te&t. 


• • • 


0-57 


112 


• •• 


• •• 


••• 


Annates da Contervor 
toire (Its A rU tt MHien. 




0-90 


96 


••• 


• • • 


• •• 


t» T« 


117 


• •• 


73-5 


• • • 


• •• 


• • • 


Clerk, On the Explosion 
of Gaseous Mixtures, 
p. 43. 


3-55 


2 07 


92 


• •• 


0-68 


• •■ 


Annates du Conserva^ 
toire des Arts et MUiers. 


8-62 


3-98 


3206 in- 
cluding 


• • • 


• • • 


• • ■ 


Clerk, The Gas Engine, 
p. 158. 


5 00 


4-20 


pUuip 

50 


• • • 


075 


• • • 


Kichard. 


8 05 


6-31 


21-68 


27-07 


0-78 


12,682 


ProfcBsor Kennedy's 
Report. Diagram. 


• > • 


0-46 


• • • 


48-7 


• • • 


• • • 


Annates du Conserva- 
toire, 


2D 


2 


28-6 


42 


0-69 


19,999 


Clerk, Gcu Engine, 
Diagram. 


3 20 


2-08 


40-2 


• •• 


0-65 


22,069 


Witz, Moteurs d Gaz, 
p. 206. 


603 


3-98 


38 


• • • 


0-66 


.«. 


i» II 


504 


4-4 


28-3 


32-4 


0-87 


12,094 calo- 
ries per kil. 


Jenkin, Gas and Caloric 
Engines^ Diagram. 


4nom. 


3-96 


• •• 


32 


• • • 


• • • 


Schottler, Die Gas 
Maschine^ p. 87. 


4 „ 


4-U 


• • • 


33 


• • • 


• * • 


,t „ p. oO. 


526 


3-94 


• «• 


31 


0-74 


18,841 


Wits, Afoteurs, p. 209 
(Twin cylinder engine). 


3-3 


3-7 


• • • 


39 


0-85 


• • • 


p. 210. 


14-26 


9-08 


19-4 


28-0 


0-63 


• •• 


Clerk, Gas Enf/ines, 


9-6 


81 


24-5 


29-1 


0-83 


l^ll8 


p. 181, Diagram. 
„ „ p. 175, Diagram. 


33-6 


27-75 


25-04 


30-3 


0-82 


16,000 


1 1naugural Address to 


22-50 


18-31 


23-6 


291 


0-81 


15,080 


V Society of Electri- 


342 


2-87 


30-9 


:«-4 


0-84 


19,745 


1 cians. 1884. 

Report of Trial, Diagram. 


1712 


14 74 


20-76 


2410 


0-86 


12,120 


4*94 


• •• 


22 


• • • 


• • • 


• •• 


Witz, Moteurs, p. 217, 
Diagram. 


13 32 


ira3 


20-87 


25-22 


o-a5 


• • • 


Page ;i55 of this work. 


9 05 


7-23 


24;i0 


30-42 


0-80 


19,755 


\ Clerk, Gas Engines, 
f i>. 191, Diagram. 


27-46 


23-21 


20-39 


24 12 


0-84 


16,577 


2nom. 


2 6 


• •• 


25-77 


• • • 


• a • 


Robinson, Gas and 
Petroleum Engines, 
p. 45. 


••* 


2-22 


• • • 


30-6 


• ■• 


■ *. 


Schottler, Die Gas 
Maschine, p. 168, 
Diagram. 



26 
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AFPIKDIZ. 



TABLE OF TRIALS— GAS ENGINES 



Ota 



Atkiiison 
JCyde 
Engine), 



ft 



f> 



I) 



Griffin, 

19 

Bisschop, 

Fawcett, 

Ajax, 

Acm^, 

Forward, 

Simplex, 

Lenoir (new 
type), 
f* If 

Niel, 



BaTel, 
Charon, 

Witti^ and 

Hees, 
Koertin^- 

Lieckfeldt 

(old type), 
Koerting 

(new type), 

»» ft 
Benz, 

Adam, 
»» 

Ltitzky, 



Experiment 
made by 



IJnwin 

Society 

of Arta 
Com- 
mittee on 
Science 
and Art 
Society 
of Arts 
Kennedy 
Jamieson 
Meidinger 

Miller 

Jamieson 

Rowden 

Robert 
Smith 
Witz 

Tresca 

Hirsch 

Morean 



Monnier 

Witz 

Brauer & 
Schottler 
Schottler 



Fischer 
E. MUllerl 



Richard 
Prof. 

Aeppli 
SchiiHer 
Schottler 



Plaee and Date. 



London, Apr., 1887 

„ Sept., 1888 
Franklin Inst. 

London, Sept, 1888 

Kilmarnock, 1888 
n Nov., 1887 

• • • • • • 

Uverpool,Feb.,18% 

Glasgow, Mar. ,1889 

„ Dec, 1890 

Birmingham, May, 

1888 
Rouen, Nov., 1886 

Paris, May, 1885 

„ May, 1890 

„ Jan., 1891 



,, Apr., 1889 
Solre-le-Chateau, 

Apr., 1889 
Altona, 1881 



Daratlon of 
Tert. 



Hanover, Dec, 1890 

Feb., 1889 

Carlsruhe, 1886 

Carlsruhe, 1886. 
Winterthur, 1889 

Munich, Jan., 1886 
Harburg, 1891 



1 hour 

6 „ 

32 mins. 

6 hours 
4 „ 



85 mins. 
2 hours 
2 „ 



ft 



30 mins. 
22 



♦I 



40 



J hour 



40 mins. 



34 ,, 
1 hour 



43 mins. 



Dimensions of 
£iigliie. 



DIam. of 
(Cylinder. 



Stroke. 



7'5ins. 
9-6 „ 



9-2,, 

9 „ 

9 f. 



8 
8 



ff 



702 „ 
71 „ 
H,f 
9 „ 

7 ,, 

7tV„ 
7i^yM 

71,, 
7iV„ 



9i25i]is. 
12-43 



»» 



14 

14 
14 



ft 



>5 ., 



1510., 

ISJ ,. 
U 

»6J ,. 
14 



>> 



«t 



Mi „ 



ofRera 



148 

131 

128 

198 

224 

183 
81 

151 
173« 

• • • 

176-8 

161 

176 

160 

160 

161 

166 

103 
119 

151 

204 

152-6 

167*8 
180-6 

173-8 
200 
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USING UGHTING GAS^Contintied. 



' IncHmted 
H.P. 



5-56 



1115 



15-47 

17-46 
17-28 



11-49 
10-04 
6 nom. 

6M 

910 

2 nom. 

16 „ 
5-26 

9-31 
4 nom. 

4 „ 

3 „ 

16 ., 



4 nom. 

4 „ 

2 „ 

10 „ 



Brake 
H.P. 



4-89 

9-48 
10-03 

12-51 

14-94 
13-6 
0-45 

8-52 
8-84 
8-28 

4-8 

8-79 

1-93 

16-13 

4-71 

7 01 
4 18 

3 75 

2-18 

2013 

5-55 

561 

4-47 
2-46 

1116 
6-29 



Cnb.ft.or 

gasbarnt 

perLILP. 

per boor, 

including 

ignition. 



Cub. ft. of 
Gas burnt 
perB.H.P. 

CT bour, 
eluding 
ignition. 



19-78 



19-22 



2310 

18-92 
19-27 
74 

18-4* 
18-9 



2079 



22-50 

22-61 
22 25 

28-56 

23-58 
24-48 

• • • 

2474 

215 

17-3 

23-97 

20-38 

2319 

21-2 

27-2 

37-7 
18-6 

43-5 

45 

23-8 

30 

25 

31 
33 

31-6 
24 



Mechnni- 

calEfll- 

cieacy. 



0-88 



0-85 



0-80 

0-85 
078 



074 
0-87 



0-86 



0-79 
0-75 



BrltiBh T.U. 

per I. H. P. per 

hour. 



12.435 



11,250 



13,390 

12,089 
12,313 



13,082 

15,365 

14,064 per 

RH.P. 

13,284 

13,338 per 

B.H.P. 
14,887 „ 

13,610 „ 

17.462 „ 



13,446 „ 



Authority. 

Tbe woid " diwnun " in thla 
oolamu m«MU that mi iodloator 
dlAffram of th« trial is given la 
the text. 



Report of Trial,Diag»m. 

Report 

ReportofTrial,DiAgram. 

Report. 
Report of Trial,Diagrain. 
Schbttler, Die Gas 
Afoichinc, p. 30. 
Miller, On Efficiency. 



»» 



»» 



Report of Trial. 
Report of Trial, Diagram. 
Witz, Report. 
Report of Trial, Diagram. 

Report (Two-cylinder 
engine). 

Comptes BenduSf Soc. 
des Ing^nieurs Civilg, 
Oct., 1891t Diagram. 

Witz, Moteurs, p. 218. 



>» 



n 



Schottler, Dif Oas 
Maachine, p. 146. 
Witz, MoteurSf p. 208. 



Report of Trial. 

Report (Twin-cylinder 

engine). 
Schottler, Die Oaa 

Maschine, p. 159. 
Report of Trial 



>i 



»i 



ZeiUehrift de$ Vereine» 
deuUcntr Inaenkure, 
Aug. 22, IB&L 



* iC^wlmUng ignltiOO. 



404 



APPENDIX. 



TABLE OP TRIALS OF GAS ENGINES 



Gm Engine. 



Otto, 

Otto (Grerman type), 



»> 



«i 



Experiment 
made by 



Place And Date. 



D. K. Clark 



Crosdey-Otto, . 



»» 



i« 



ff 



»f 



»» 



• • • 



Atkinson (Cycle 

Kngine), 
Simplex, . . . 



ti 



Teichmann 

and B(>cking 
Beck 

Monaco, Italy 

Crossley 

Spicer 

Severn Tweed 

Co. 
DowBon 

Tomlinson 

Witz 



1881 
Deutz, 1887 

Nuremberg, 

1888 
Canale, Jan., 

1890 
Dec, 1882 

Godalming 

Dec, 1891 



Dimennions of 
Engine. 



I 



Diam. 
ofCyl. 



Stroke. 



DuratloD ' No. ef 

of iReroli 

Test. 



13A 



13 in. 
several 



Mead.. Chel- !l7in. 

sea, Feb., /92 
Uxbridge, 

Oct, 1891 
Nov., 1885 



Sept., 1890 



14 .. 



in.. ... 



18 in. 
engines 



6 hrs. 
5 .. 
8 .. 



1^ 
140-5 

• •• 

140 



... 


1 56 hrs. 


24 in. 8 .. 


14 iV in. 


6 .. 


15^ in. 


2 .. 


38 in. 


23i ,. 



155-7 

I 
86 , 

161 I 

100^' 



TABLE OF OIL ENGINE 



Oil Engine. 



Bray ton, 
Priestman. 



*9 



>t 



»» 



Homsby- 
Akroyd, 
Trusty, . 

Otto, . . 

Lenoir, . 

Durand, 

Forest, . 



Liide Langen- 
wftnen. 



8i)ec. 
grav. 
of Oil. 



0-8.J 

0-79 

• • • 

81 

• • • 

0-85 
0-81 
0-82 

• • • 

0-G9 

• • • 

0-82 



Experiment 
made b/ 



Dugald Clerk 
Unwin 

f> 

>» 
W.T. Douglass 
Robinson 
Beaumont 
Otto 
Tresca 

• • a 

Martin 
Schottler 



Place and Date. 



GlaHgow, 
Feb.. 1878 

Plymouth, 
1889 

Hull. 1891 

Plymouth, 

1890 
Plymouth, 

1891 



Guildford 
Dentz 
Paris. 1885 



DimenRions of 
Kngine. 

Diam. ' ^. . 
of Cyi. , S^trokc. 



8 in. 

8.i in. 
twin. 
8iin. 
7J„ 



Brest. 1890 

I 
1 



G3in. 



Magdeburg, , 7*1 „ 



12 in. 
12 „ 

12 in. 



Duration ' \o.ar' 
of Rerota- 
Test. I tioBa 



3^ hrs. 
2i .. 



cyl. en gino 



14 in. 


3 hrs. 


u „ 


2 „ 


• •• 


40 min. 


• •• 


4.) hrs. 


• •• 


2 „ 


13-4 in. 


7 „ 


7-9,. 1 


1 » 



201 j 
201 I 
207-7; 

180 ' 

I 

-I 

224 I 

I 

230 I 

212 I 

159 ' 

I 

180 i 

I 

16671 
325 
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USING DOWSON GAS, 1881-1892. 







Fuel 
consumed 


Fuel 
conaumed 


¥ 


Authority. 


Indicated 


Brake 


per 


per 


a s 




II.P. 


II.P. 
3 26 


I. IIP. 

per hour. 

Anthracite. 


B.M.P. 

per hour. 

Anthracite. 


Mech 
effici 


The word " dlATntm ** in this oolamii umbiu that 
an iiid cator dlagnuu of the trial ia vlTea iu the teat. 


4-41 


lM51b8. 


1-97 lbs. 


074 


DowBon. Cheap Qanfor Motive Pcnoer^ 












Inst, C. E.^ vol. IxxiU. 


• •• 


50-8 


• • • 


1-7 „ 


• •• 


Schuttlcr, Die Gas MaMhine^ p. 102, 
Twin-cyl. engine. 


••* 


30 


• • • 


1-97 .. 


• •• 


Duwson. Gas Power, 


• •« 


35-95 


• • • 


1-9 „ 


... 


Dowwm, Gas Poirer^ Inst. Civil 
Engineers f vol. cxi. 


27-5 


• • • 


1-4 lb. 


• • • 


... 


Dowaon, Cheap Gas for Motive Power, 
I fist. C, E.y vol. Ixxiii. 


About 


• •• 


1 ,. 


• • • 


• • * 


Dowson, Gas Power^ Inst. Civil 


400 total 


• 








Engineers^ voL cxi. 


60 nom. 


96 03 


• •• 


1-23 .. 


• • • 


Journal of Gas Lighting, Jan. 5, 
1892. 


118-7 


« • • 


762 lb. 


... 


• •• 


The Engineer, Feb. 12, 1892. 
Diagram. 


21-9 


• •• 


1-06 „ 


• • • 


• • • 


The Engineer, Feb. 12, 1892. 
Diagram. 


810 


7-22 


• • • 


1-33 „ 


0-89 


Witz, Moteurs, i>. 215. 


110 


75-86 


... 


1-34 „ 


0-69 


„ „ p. 220, Diagram. 



TRIALS, 1878-1891. 



Indicated 
HP. 


Brake 
IIP. 


Consump- 
tion of OU 
i)er 
I.II.P. 
per hour. 


Consump- 
tion of Oil 
per 
Blip, 
per hour. 


1^ 
0-79 


Heating 

Valtie. 

T.U. 

per lb. 

11,000 


1 

Authority. 


5 -39 net 


4*26 


216 lbs. 


2-72 lbs. 


Clerk, Gas Engines, p. 159. 


9-36 
7-40 


7-72 
676 


0-69 lb. 
0-86 „ 


0-84 lb. 
0-94 „ 


0-82 
0-91 


19.700 

• ■ • 


Institution Civil Engineers, 
voL cix., 1891. 

»» »» 


5-24 


4-49 


106 M 


1-24 „ 


0-85 


19,000 


»f »> 


25 nom. 


25-5 


• • • 


0-88 pint 


• •• 


• •• 


>t >f 


6-74 


• •• 


• • • 


0-9 „ 


• •• 


• •• 


Engineering, Oct. 9, 1891. 


6-2 


4-28 


0-66 lb. 


0-96 lb. 


0-68 


• • • 


The Engineer, Dec. 4. 1891. 


4 nom. 
4 nom. 


5-3 
415 


... 
... 


0-885,, 
0-92 „ 


• • • 

• • • 


• • • 


Institution Civil Engineers, 

vol. cix., 1891. 
Witz, Moteurs, p. 215. 


• • • 


2-88 


... 


0-93 „ 


• •• 


• •• 


p. 216. 


16 nom. 


16-67 


... 


1 ,. 


• •• 


• •• 


,» p. 219. 


• •• 


67 


... 


0-83 „ 


• •• 


• •• 


ZeiU, Ver. DeuUdur Ing., 
Aaff. 29. 180L 
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TABI£ OF AIR 



Air Engine. 


Bxperiment 
made by 


Plftce and Dale. 


Dimeudons of 
Bagiiie. 


Doratloa 
of 

Teat. 


KaoT 

Rerato- 

tkm. 


Diam. 
ofCyl. 


Stroke. 


Baokett, .... 

BaUey, 

Btfnier 


Ingrey 

• • • 

Slaby 


Caloric Co. 

• •• 

Cologne, 1887 


24 m. 
13-4 „ 


16 in. 

13 8,, 

1 


• •• 
••• 

2ihp8.; 

I 


61 
106 



qAs engine 



Air Engine. 



^American Otto (twin 
cylinder). 



Experiment 
made by 



Place and Date. 



Dimension* of 
Engine. 



DIam. 
of Cyl. 



H. Sprangler. 



Schleicher, 14g in. 
Schlum&Co.,' 
Philadelphia, 
May 



EMieiptii 
,1893. 



Stroke. 



1 I 

Daration Naof ' 

of iReroto-; 
Teat. 



25 in. 



3 days. 



160 ! 



* Particulars received too late for incorporation in body of ivork. 
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ENGINE TRIALS. 



Indicated 
H.P. 


Brake 
H.P. 


Conramp- 
tion of Fuel 

I.?l'p. 
per boor. 


Consump- 
tion of Fuel 

B.S'p. 
per hour. 


» 


Authority. 


20-2 
2-37 
6-85 


14-39 
1-31 
4-03 


1-8 IbB. 
4-2 „ 
31 „ 


2-54 lbs. 
7-6 „ 
3-6 „ 


071 
0-66 
0-09 


Jenkin, Oas and Calomc EngineSt 
Inst, a E., 1883. 

9« «9 >l 9« 

Zeits, Ver. DeuUcher Ing., vol. 
zzzui., p. 89. 



USING PRODUCER GAS. 



Indicated 
H.P. 


Brake 
H.P. 


Consump- 
tion of Fuel 
per 
I.H.P 
per hour. 


Consump- 
tion of Fuel 
per 
B.HP. 
per hour. 


Mechanical 
efficiency. 


1 
1 

1 

Authority. 


127*6 

1 


92-5 


0-95 lb. 


1-31 lb. 


072 


Journal of Franklin Institute^ May, 
1893. 
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Atkinson cycle gaa engine, 100. 1 




„ differential gas engine, OS. 1 




engine. Society of Arts' - ■ 




trial, 108. ■ 




,, engine*, principle of, 96. fl 


of, 218, 


Atmnpheria gra engine, Barauti ■ 
and Matteucci, 25. ^H 


Absolute temperature, 208. 


zero. 208. 210. 


Atomic weight, 22>. ^^^H 


Acmg gaa engine, 126. 


Atoma and moleculea, 221, ^^^^M 




Avogadro'slav, 221. ^^^^H 


235. 


^^^H 


Adam gas engine. 171. 


^^H 


,, petroleum engine, i)29. 




„ singlo-ftctingoad twin -cylinder 
types, 171. 174, 


Bau-cv engine, trial of a, 348. V 


Bailey -Fried rich, oil and Btaam en- ■ 


Adams, Profenor, trial of Otto 


gine, 277. ^M 


engine. 93. 

Adiabotic cnrve, 215. 


Bailey hot ur engine, 347. ^^^H 


Bakn oil tields, 264. _^^^^M 




Balance of beat, 231. ^^^^H 


cylinder. 7. 


Baldwin goa engine, 73. ^^^^^H 


Advantagos of gai engines. 2. 


Barber, 18. ^^^^H 


of oilengine., 283. 


Barnett's enginei, 21. ^^ 


Ailsa Crag liehthouee, ait gu en- 


Barsanti and Matteneci'a atmospheric 


gines on the, 2H1. 


gas engine, 25. 
BcaudeRoohas— 


Air euginea, Bailey, 317. 


,r Mnior, 35-2. 


Abstract of patent, 366. 


„ Cnyley- Beckett, 339. 


Cycle in giB engines, 41, 


Ericsaou. 345. 


,. oil enginea, .108. 


Rider. SiO. 




Boliinson, 344. 


314, 


Stirling, 341. 


Beck, lix-cycle gas engine, 61. 


,, theory of, 337. 


Beeohey, Fawectt gae engine baaed 


Wenham, 348. 


on patents of, 123. 


Air gnTemor. Simpler engine, 144- 


Bonier and Lamart gas engine, 70. 


Albert potrolenm motor, 324. 


Bonier hot air engine, 352, 




Beuz, gas engine, 175. 


Araericm oil, 261- 


.. electric ignition. 177. 


,, oilenginefl, 331-334. 




type of Prictmaa oil en- 


gas engine, 184. 


gine, .103. 


,, „ oil engine, 330. 




Berthelot and Vieille's experiments. 


ArlxiB, cheap gas evatem, 195. 


velocity of flame propagation. 246. 


railway, of, 277. 


meter*. SS5. 
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Bischof gas producer, 1 93. 
Bisschop atmospheric gas engine, 50, 

113. 
Boyle's law, 206. 
Brayton carburator, 200. 
„ gas engine, 51. 
,, oil engine, 289. 
Brest, trial of the Forest engine at, 

325. 
British thermal units, explanation 

of, 211. 
Brooks and Steward— Otto diagram, 

236. 
Brown, 20. 

Bruuler, oil engine patented by, 331. 
Bunsen's experimeots —Velocity of 

flame propagation, 243. 



Calculation of efficiency. Otto 

engine, 241. 
Calories, ex]>lanation of term, 211. 
CaloriHc value of oue cubic foot of 

coal gas, 220, 2.30. 
Calorimeters, fuel, Berthelot and 

Mahler's, 225. 
C^alorimetric experiments. Dr. Slaby, 

on a gas engine, 3S9. 
Campbell gas engine, 1.37. 
Capita ine engine, theory, 185. 
,, gas engine, 185. 
,, oil engine, .32r». 
Capper, Professor, trial of an Otto 

engine, 355. 
Carburators, Brayton, 290. 
Lenoir, 318. 
Lothammer, 285. 
Meyer, 286. 
Schrab, 286. 
Simplex, .320. 
Carburetted air, 191, 284. 
Carnot's formula, 216. 
law, 213, 215. 
theoretical cycle, 13. 
Cay ley -Buck ett air engine, .3.39. I 

,, engine, trials, 340. 

Charles' law, 207. 
Charon gas engine, 155. 
Chauveau, principle of flame propa- ! 

gation, 164. 
Cheap coal in Lencauchez generator, 

199. 
Chemical composition of gas, 221. 
,, equations, 224. 
„ symbols, 222. 
Classification of gas endues, 15. 
,f oil engines, 308. 
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Clerk, Dngald, experiments on ex* 

plosion of gases, 249. 
Clerk gas engine, 57. 

,, governor, 60. 
„ slide valve and ignition, 
58, 59. 
theory of dissociation, 257. 
trials ou a Brayton oil engine, 
292. 
Clerk gas engine, CO. 
Uugon gas eugine, 39. 
,, Otto and Langen gas 
engine, 49. 
Clutch gear, Otto and Laugen, 40. 
Coal givs, composition of, 226, 229. 
,, distillation of, 191. 
,, table of products of com- 
bustion, 228. 
Coefficient of expansion in gases, 208. 
Combustion, changes produced in 
gases by, 243. 
,, of gases, oxyj:en required, 227. 
Comparison of cas with steam iK)wer, 
232. 

,, of theoretical and actual 

diagrams, 236. 
Composition of oil, 265. 

poor gases, 231. 
Compressing type of gas engine, 15. 
Compression, advantages of, 10. 

first suggested by Liel>on, 20. 

in a gas engine, 10. 

the chief improvement in the 
Otto engine. 74. 
Conditions of ideal efficiency, 217. 
Consumption of gas — 
In Acme engine, 127. 
In original Lenoir engine, 30. 
In Otto engine, 90. 
Coolini: action of walls, Witz's deter- 
mination of, 249. 
Cost of working with petroleum fuel 

in Russia, 275. 
Cycle, Beau de Rochas', 41. 
Camot's i)erfect, 214. 
engine, Atkinson's, 100. 
Ericsson's, 218. 
Cycle of operations in a gas engine, 7. 
„ table of, in Beck engme,62. 
Cycle, Stirling's, 218. 
„ term first used for pjas engines 
by Sadi Camot, 13. 
Cylinder wall action in gas encines 
259. 
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cronl motor, IB. 
DclinitioD of terms relating to c< 
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Denutiea of oil, varying, 2()(i. 
Deutier GaB-Motoren Fabrik, 

founder!, iM). 
Biedericli's engine, 1G3. 

„ makers of the SiicuritG oil 

engine, 351. 
Diesel engine. 354. 
DitTerent applicntlnns of LaDcUciter 

sfll-itarter, 95. 
BiSercntinl engine, Atkinson, Ofl. 
,, pisloHB, Siemens regener- 

ative engine, 303, 
„ piston, Trent engine, 132. 

DifTerctit methods of evaporating 
[letroloum, 308. 
„ sizes and types of Otto 

engine, ST. 
Disi:overy of law of niecbanical eqni- 
valeiit by Him, Joule, 
and Mayer, 200. 
„ of petroleum in America, 
2l>5, 
ill Kussia, 2G1. 
Di^tdlation of gis from coal, 101. 
,, oil gas, 27S. 

„ petrulemn, experi- 

2C0. 
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Dou^ill gas Fngine, 131. 
Douglass, \V. T., trials 

iiinn cneine. :<l)4. 
DoBsongas, 193,200. 

„ forelectric lighting, 121. 

„ producer. 20(1. 

trials willj, 204. 
Drake gas engine, 24. 
Dresilener cas-motor, 182. 
Droojba oil foontain in the Caspian 

district, 2^. 
Diimnd giia enginn, 72. 
,, oil engine, 32.i. 
Durkopp gas engine, 181. 



LtEBT attempts to obtain liahting 
^ a. ISO. 
Early combnition engines, 17. 



Efficiency formulie — 
Atmospheric gas engines, 240. 
Coaipressiou engine, explosion a 

cuuntnnt pressure, 240, 
Compression engine, explosion a 

constant volume. 239. 
Direct acting d 
engine, 239. 
Efficiency, four kinds of, 235, 
,. of air enguiea, 338. 

Electrical governor, lleck engine, 63. 
Electric ignition in tbemoilem Lfuioir 
engine. 154. 

engine, 301. 
,. „ SimpleJl engine. 



cycle, 218. 343. 

Etinvelte gas engine, 73. 
Eva^ioration of [lotroleum, ex perl . 
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Ewins and Newman gas engine, 71. 
EiliBUat, discharge of the ffitea, 9. 
Expansion, coefficient of, IffiS. 

„ in a gas ea^iue, 9. 2.15. 

,, methods to obtain, US. 
Experinicutti on petroleum, Robin- 
son, 26B. 
Explasion and combustion in a gaa 
engine. 0, 243. 
,, of gases. Clerk's experi- 
ments on. 250. 
Explosive force in gases, utilisAtiou 

of, 5. 
Expl-cas itaa engine, 131. 
Extraction of gas from coal, 190, 

,, jietroleuni from shale, 



FAwcETTgaa engine, 123. 
Kieldinggaa enjiiDo. 12;j. 
First application of gas to lighting 

purposes, 19. 
First single.acting engine, Otto mid 

Lnngeu, 44. 
Fischer, Professor, trials of a Koert- 

ing engine, iTI._ 
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FUshing want of petroleum, 287. 
Fog signals, Priestman engine osed 

for, 303. 
Forest gas engine, modem type, 159. 
„ „ original type, 71. 

,, oil engine, 325. 
Forward gas engine, 129. 
Foolis gas engine, 55. 
Four conditions of efficiency— Beau 

de Rochas, 40. 
Four Knglish engines heat balance 

sheet, &c., 242. 
Francois gas engine, 71. 



Gallice, Forest and, makers of the 

Forest engine, 325. 
Gas, chemical composition of, 221. 
for motive |K)wer, 189. 
produced from combustion of 
coaU 192. 
Gas engine — 

Cycle of operations, 7. 
Cylinders, wall action, 252. 
Gas engines — 

Advantages over stexun, 2. 
Classification of, 16. 
Compression in, 10. 
For electric lighting, 120. 
Principles governing their con- 
struction, 1. 
Starting, 3. 
Types, 14. 
Gaseous fuel, 190. 
Gases — 

Laws of, 205. 

Specific heat at constant pressure, 

212, 223. 
„ „ ff volume, 212, 

223. 
Gas producers, Bischof, 193. 

Dowson, 200. 
Kirk ham, 193. 
Lencauchez, 197. 
Lowe, 196. 
Pascal, 194. 
Siemens, 194. 
Strong, 19.'). 
TessieduMotay. 194. 
Thomas and Laurent, 

193. 
Wilson*, 197. 
Gay Lussac's law, 207. 
Gilles gas endne, 49. 
Governing of gas engines, 12. 
„ ,, oil engines, 317. 
Graphic representation of Camot*s 
law, 215. 
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Great Eastern 

fuel on the, 276. 
Griffin oil engine, 316. 

„ six-cycle gas engine, 108. 
Grobe and Lurmann, gas for steeL 

fomaces, 197. 
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Hallewell gas engine, 50. 
Hambmch, improvements in Simon 

engine, 53. 
Uautefeuille, 18. 

Heat, mechanical equivalent of, ^09. 
movements of, in a cy linder,220. 
of combustion of gas, 205, 224u 
utilisation in a gas engine, 231, 
233. 

Heat balance sheet, &c. , four "Rtigliah 
engines, 242. 
,, efficiency, 14. 
,, engines, source of power, 5. 
Heating value and composition of oil 
gas, table of, 279. 
of different oils, 269. 
of Dowson gas, 202. 
of Lencauchez gas, 199. 
of Siemens' producer ins. 
231. * 

High speeds, advantages and disad- 
vantages of, 186. 
Him's balance of heat in engines, 234. 
Hirsch, trials of a modern Leuoir 

engine, 155. 
Hock oil engine, 288. 
Hornsby-Akroyd oil engine, 310. 
Hot air eogines, efficiency of, 33S. 
Hugon gas engine, 36. 
Huyghens, 18. 
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Ideal efficiency, conditions of, 217. 
Ignition at constant pressure, Hray ton 
engine, 51. 
,, by flame in slide valve. Clerk 

engine, 59. 
„ by flame i»ropagation, Adam 
engine, 172. 

„ Koerting engine, 164, 
167. 

,, Sombart engine, 184^ 
,, cock, Bamett's, 22. 
„ hot tube, Stockport engine, 119. 
,, Otto engine, 81, 86. 
,, point of petroleum, 268. 

tube first employed by Fnnck» 



>» >» 



»» 



»» 



74. 



Imperfecteipannonin^aBeDgiiiM.QS. [Liquid fuel, 273. 

Imiicalor diagrams, methodof taking, ' Lothsmnier carburator, 285. 

219. I Lowe gas prodacer. 19tt. 

Intermediate oils for malLiog oil gua, Lnbrication in a gaa engiae, 1 1. 

278. ' Liide-VulcDJi oii engine, 330. 

Iiherwood, expcrimenta on [olro- 1 Liitzty-Nnremberg gas engine, 15 

leum in marine boilers, L'77. 
laotbemiiJ curve. :214. , 



JiuiesDN, ProresBor, trials of aOriffio 

encine. tia 
J e ok i n, Professor, regenerative 

engine, 351. 
JohoBtoDe's condensing oxjhydrogen 

engine, 23. 
Joule's Iftw of the mechanical enw- 



Kappki. gas engine, 18.1. 
Keith oil gna prodncer, 281. 
Kenncity, ProfeMor, on utilisation of 
enerfty, 26L 
,, trialftofBeok engine, 63. 
„ ,. Griffinengine, 1 12, 1 13. 

Kinder and Rinse;'s engine, 33. 
Kirkbain giu producer. IB3. 
Kocrtinj; gas engine. 1G5. 

„ horizontsl type. 1G8. 

t>-pe of 18S8, 165. 
Koerting - Lieckfeldt gas engine, 
original type, 164. 
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Latent heat of evaporation of petto- 
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ManBtield oil gaa proiluaer, 270. 
Marinoni. maker of the Lenoir en- 
gines. 2tl. 
Mariotte's Law, 206. 
Martini gaii engine, 67. 
Maj;inium theoretical efficiency, 236. 
Meail's flour mills, trial witb Dowson 

gas at, 205, 
Itlecbanical e£Bciency, 235. 

„ eqaivalent of beat, 209. 

Meidinger, experimeuts on Otto and 
Xani^n engine, 40. 
,, trials of a Bisschop en. 

^e, lie. 

Method of taking iudicat«r diain'ams, 
219. 

Meyer carburator, 28G. 

Midland gas engine, LW. 

Miller. T. L., experiments on b. 
Fawcett engine, 126. 

Million. 40. _ 

Mire gas engine, 73. 

Molecular weight, 223. 

Morenu, Trials uf aNicleugint, 161. 

Movements of brat in a ga« engine 
cylinder, 220, 260. 

Murdoch, liret to apply gas to light- 
ing purposes, 19, 191. 



KAnoNAi. gas engine, 133. 

Natural gas. 191. 

Naiimann, A., heat of combustion of 

gases, 205. 
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^ itrogen, dilution in atmoBuh«ric air, 
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trials, 400. 
heat of combustion of 
gases, 225. 
Tangye gas engine, 68, 121. 
Tanffye*8 works, Dowson gas at, 205. 
Tay^r introdaced first oil gas pro- 
ducer, 279. 
Teicbniann, Professor, experiments 

on stratification, 256. 
Temperatures in a gas engine, 233. 
Tenting gas engine, 157. 
„ oil engine, 324. 
Tessid dn Motay, gas producer, 194. 
Theoretical curves, adiabatic, 215. 
„ ,, isothermal, 214. 

„ formula, Camot's, 216. 

Theory of air ennDCs, 337. 
Thermal units, aefinition of, 211. 
Thomas and Laurent gas producer, 

193. 
Thurston, experiments on Brayton 
gas engine, 53. 
„ experiments on Otto en- 

gine, 92. 
Thwaite oil gas producer, 282. 
Timing valves, 128. 
Tomlinson, trial of Atkinson engine, 

108. 
Tr^bouillet, cheap gas system, 195. 
Trent gas engine, 132. 
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Experiments on Hugon engine, 38. 

„ Otto and Langen 

engine, 48. 
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319. 

modern Lenoir engine, 

155. 
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,, with Dowson gas, 204. 
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engine, 107. 
Priest man 
engine, 303. 
Urquhart on evaix>rative power oi 

petroleum, 276. 
, , value of petroleum fuel 

275. 
Utilisation of heat, 4, 232. 

oil, methodB, 272. 
the explosive force is 
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Utility type of Atkinson engine, 108. 
Uxbridge, Trial of Atkinson engine 
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Vapo&isatioi} of oil, 288. 
Vaporiser, Priestman engine, 300. 
Variations in expansion curve, 254. 
Various small British engines, 135. 
„ French ,, 162. 

Velocity of flame propac^ation — 
Berthelotand Vieille's experiments 

246. 
Bunsen's experiments, 243. 
Mallard ana Le Chatelier's experi 
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Waste of heat, 3. 
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Weatherhogg oil engine, 318. 
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FOSTER (Prof. C. le Neve), Ore and 

Stone Mining, 12 

GIBB (Tlios ), Copper, .... 12 

GRIFFIN (J. J.), Chemical Recreations, 12 

GRIFFIN'S Electrical Engineers* 

Price-Book 13 

GRIFFIN'S Engineering PublicaUom, 14 

GU RDEN (R.), Traverse Tables, . . 13 

QUTTMANN (O.). Blasting, . . 15 

HUGHES (IT. W.). Coal Mining, . . 16 
HURST (G. 11.), Colours and Varnishes, 15 

JAMIESON (Prof.), Steam Engine, . 17 

Elementary, 17 

Applied Mc'ciiatiirs 17 

Magnetism and Klectricity, . . 17 

JENKINS (11. C), Metallurgical 

Machinery' 26 

KNECHT&RAU'SOX. Dyeing, . . 18 

M'MILLAN (W. (J.), Electro- MeUl- 

lurgy, 10 

MUNRO & JAMIESONS Electrical 

Pocket-Book, 2:) 



MUNRO (Dr.), AgrncultunU C^bemisl 
MUNRO (R. D.). Steun-BoikBii^ . 

N YSTROM'S Pocket-Book for Eqgim 

PHILLIPS & B AUERM AX. Metallui 

POYNTING (Prof.). Mean Density 
the Earth 

RANKIN E'S Engineerinir Worls, 

A Manual of Applied MeebanioB, 

A Manual of Civil Eninneering. 

A Manual of Machinery and Mil 

work 

A Manual of the Steam £ninne an 

other Prime Movers, 

Uieftil Rule* and Tables, . 

A Mechanical Text-Boak> 

MisoelUineous Scientific Papery, 

REED (Sir E. J.), StabiUty of Ships, 

REDGRAVE (G.), Cement^ 

REDWOOD (B), Petfoleum. 

RICHMOND (H. D.). Oaijy Chemisti 

ROBERTS -AUSTEN (Prof.), Meta 
lurgy 

Alloys, 

ROBINSON (Prof.), Hydimulics, . 

ROSE (T. K.), Gold, . 

SCHWACKHOKER & BROWNt 
Fuel and Water, • . . . 

SEATON (A. E.), Marine £n|rineerin| 

SEATON & ROUNTH WAITE, Marin 
Engineers' Pocket-Book, 

SEELEY (Prof.), Physical Geology, 

SEXTON (Prof.), QuantitaUve Analys 

Qualitative Analysis, . 

SH ELTON BEY (W. V.), Mechanic 
Guide, • . . • , , 

THOMSON k POYXTING (Prof?! 

Text- Buck of Physics, . 

TRAILL (T. W.), Boilers., Land an< 
Marine 

TURNER (Thos.), Iron and Steel,' 

WELLS (S. H.), Engineering; Drawini 
and Design, .... 

WRIGHT (Dr. Alder), The Thrcihoh 

of Science 

Oils and Fats, Soaps and Candies, 

YEAR-BOOK of SciertifleSotfietiiB. 



BOIgNTirW AND TSOBITOLOOJOAL W0MK8. 



THE DESIGN OF STRUCTURES: 



A Ppaotlcal Treatise on the BuUdlnK- of Brldses, Roofs, im. 

i-onh Scholar, fie. 



By S, ANCLIN, C. E- 

MultrorEaginHrine. Royal UiuvEisily ofliibnit. lale Wh 

Wilh very oumeraus Diagrams, Examples, and Tables. 
Laige Crown 8va, Cloth, i6s. 



t, II supplies the want, long felt amoog Sludenls of Engineering and 
ArchitectuiE, of 3. concise Text-book on Structures, requiring od the part of 
the reader a Imowledge of Element Attv Matiibmatics only. 

2. The subject of Ghaphic Statics has only of recent years been generally 
applied in this country to delerminc the Stresses on Framed Stnictures; and 
in loo many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglin's work the system is explained 
from FIRST PBiMnrLES, Knd the Student will find in it a valuable aid in 
determining the stresses on all irr^ularly-framed structures. 

3. A large number of Practical Examples, such as occur in the cvery-day 
experience of the Engineer, are given and carefully worked out, some bang 
solved both analytically and graphically, as a guide to the Student. 

4. The chapters devoted to the practical side of th« nibjecl, the Strength of 
Joints, PuQchmg, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Suuctural work generally, ate the result 
of UANV VEARS' EXPERIENCE in ihc bildge-yard ; and the Infunnation given 
on this branch of the subject will be found of great value to the piaelkal 
bridge- builder. 



' ■ Studenu of EnsiiiKrinE •rill And lUs Tul-Book 
"The auihor has cotaiuiy succeeded Id produdi^ 

,LU»>Li bi^ of'nJuinct"— J/k£-^«/ U'srid'""' 
'"Hdl vork an tie fONFipEHTLV reconuneuded to CBliui 






, AAor OAH^ penuA vi 
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OHASLBS ORIFFIN it C0:8 PUBLICA TIONS. 



ASSAYING (A Text-Book of) 

For the use of Students, Mine Mcmagera, Aaaayera, de, 

BT 

C. BERINGER, F.I.C., F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, Loodoo, 

AND 

J. J. BERINGER, F.I.C, F.C.S., 

Public Analyst for, and Lecturer to the Mining Anociation of, ComwaU. 

With numerous Tables and Illustrations. Crown 8vo. Clothy 10/6L 

Second Edition; Revised. 



General Contents. 

Part L— Introductory ; Manipulation: Sampling; Drying; Calculation of R 
tolts— Laboratory-books and Reports. Methods : Dry Gravimetric; Wet Gravimetric 
Volumetric Assays: Titrometric, Colorimetric^ Gaaometric — Weighing and M^^a^^in ^f^ 
Reagents— Formulae, Equations, &c. — Specific Gravity. 

Part II. — Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Coppc 
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmiuoi, Tin, Tungste 
Titanium, Manganese, Chromium, &c— Earths, Alkalies. 

Part III,— Non-Mktals: Oxygen and Oxides; The Halogens — Sulphur and Sc 
phates — Arsenic, Phosphorus, Nitrogen— SUicon, Carbon, Boron. 



^/}^nu/cr.— Various Tables useful to the Analyst 



"A RSALLY meritorious WORK, that may be safely depended upon either for 
instruction or for reference." — Nature. 

*' Of the fitness of the authors for the task they have undertaken, there can be no qoi 
tion. . . . Their book admirably fulfils its purpose. . . . The results given 
an exhaustive series of experiments made by the authors, showing the effects of vastiii 
conditions on the accuracy of the method employed, are of the utmost impoktancb.*- 
Imdmtirie*. 

**A very good feature of the book is that the authors give reliable information, most! 
bssed on practical experience."— En^tHferiHg^. 

** This work is one of the best of its kind. ... Essentially of a practical charactc 
. . . Contains all the information that the Assayer will find necessary in Uie 
of aunerals. " — Engjiuer. 



LONDON: EXETER STREET, STRAND. 




PHOTOGRAPHY: 

ITS HISTORY, PROCESSES, APPARATUS, AND MATERIALS. 



WORKING DETAILS OF ALL THE MORE IMPORTAST METHODS. 

Bv A. BROTHERS, F.R.A.S. 

If^IT/i TW£yTy-FOUR FULL PAGE PLATES BV MAXi' OF THE PRO- 
CESSES DESCmSED. ASD ILLUSTRAT/OKS IN THE TEXT. 
Ill Sjie, ffiaJsumi CUIh. Price l&i. 



GENERAL CONTENTS. 

Pakt. I. Introductory — Historical Sketch; Chemistry and Oplics 
of Photography ; Artificial Light (Electric and Oxyhydrogen Light, 
Compressed Gas, Ethoito- Limelight, Magnesium Light, Sic.) 

Part H. Photographic Processes, New and Old, with special 
reference to theit relative Practical Usefulness. 

Part 111. Apparatus employed in Photography. 

Part IV. Materials employed in Photography. 

Part V. Applications of Photography ; Practical Hints. 






"Oruunly ihe fiHMT ru-usTitATBD iiAKDaooic lo pboiiiEniphr »l 
publiihcd. We have thne PboLOEavum. Tour ColUKypu, oae Uirama-CallamK, nnmemui 
Blocki. Phwo-Chnimo-Typograph, Chronio-Uiiiosiaph, Wcolbury-Tvpe. and Woodbury- 
(iranire l-rinu, buida muy olhen. ... A worll which tbonld be on The refeiEiin 
ibeliu or every Pholsgnphic Sodety,"— ^iruI'»>-/>*KAyn/4A-. 

"Thii really iktohtamt hindbook of Phoio^raphy . . , 

, shotogra^hic Rprodaclion Alooe. Ihe book ii oo< de«r at tk« ptice- 
far in wlvance r>f moat otlien, ihai the PbatoErapher miut hoc Ijui lo CDiam a copy as a 
letetenu ■KoA.'—Plaltgmflut Wtrk. 

"The coHrLiTEST hahdsook of Ihe *ri which hai rel been publuhed. There ii no 
fonn of appaiatui which ii rot deicribed and cxplaiDcd. The bcauiifitl platct 
implex of the diflerent proceaurt ate a tpedai feature." — SniMman. 
" Proccnes are deacribed vhieh cannot be found eLke»here, at all events in fio coaTenienk 
id complele ■ foitn."— ^iw/'»* XfftkaHk. 
■'The chupieron r«ACTic*L Huna win prove ik¥*lua«l«. Mr. Eroiheo is Benainlr 




0HASLB8 ORIFFIN A OO.'S PUBLIC A TIOS8. 

MINE-SURVEYING (A Text-Book of] 

For the U99 of Managon of Mines and Co/iieriea^ Stuefenta 
at the Royal School of Minee, dc. 

By BENNETT H. BROUGH, F.G.S., 

Late Instructor of Mine-Surveying, Royal School of \ 



With Diagrams. Fourth Edition. Crown 8vo. CloCh, 7s. 6d. 

General Contents. 

General Explanations— Measurement of Distances — Miner's Dial — Variation 
the Magnetic-Needle — Surveying with the Ma^ctic-Needle in presence of Iroi 
Sxirveying with the Fixed Needle — German Dial — Theodolite — Traversing Und 
ground — Surface-Surveys with Theodolite — Plotting the Survey — Calcmiation 
Areas — Levelling — Connection of Underground- and Stirface-Surve3rs — Measnr 
Distances by Telescope— Setting-out — Mine-Surveying Problems — Mine Hau 
Applications of Magnetic-Needle in Mining — Appendices. 

" It is the kind of book which has long been wanted, and no EngUah-speakinf^ Mine Ag 
or Mining Student will consider his technical library complete without it.* — A«/a«rv. 

" Supplies a long-felt want.**— /r»«, 

*' A valuable accessory to Surveyors in every department of commercial 
ColUtry GuardioH, 



By WALTER R. BROWNE, M.A., M. Inst. C.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS 

An Introduction to the Study of Force and MotloiL 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

*' Qcar hi style and practical in method, 'The Student's Mechanics' ia tnrtaaStf ti 
'• " - — '^^ from all points of view."— .^/Amtfnwfw. 



FOUNDATIONS OF MECHANIC 

Papers reprinted from the Engineer, In Crown 8to^ is. 



FUEL AND WATER: 

A Manual for Users of Steam and Water. 
Bt Pbop. SCHWACKHOFER and W. R. BROWNE, M.A. (See p. a 



LONDON: EXETER STREET, STRAND. 
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WTByrrrrc AiTD tbchsological works. ? 

PRACTICAL GEOLOGY 

(AIDS IN): 

u'lTit A sEcrio.v o.v FALMoxTOLoa: 

GRENVILLE A. J. COLE. F.G.S., 

Frufcuot of Gcobgy \a Di< Rsyal CdIIcsc of Si.ici>ce for IrrUad. 
Second EuniON, ReiisL-d. Wilh Numerous lllusualions. Large Crown Svo. 



ailNIIBAIi CONTEKTS. 
PART I.— Sampling oif thk Earth's Chl'st. 
in Uu Acid. I CiiIlectiDii uwl packlni of 

PART II.— Examination of Minkrai.s. 



fs^dSiS.-^t;'"-''* 


iDdtlicirsUisk 


PART HI.— Examination of Rocks. 


InlrcKtuctoiT- 

RixTkiimnuna cuilT diiiinguNihaL 

Snmt E^rucal chuacun or locki. 

The petrslagicil guBOKOpe and niuoicofdc 


'^''T^EHElTt'iiHil^'* 


PART IV.-EKAMI 

FoMJI ecnciic [yp«.— Rhiiopodii J Spoiuia; 

Uydraiaa: ActinDKh 
Polyiwi : Bnichlopsda. 


NATION OF Fossils. 

Efhinodeimiu; Vcnnes. 


DM ;>ad incuioo. FnC Col* u »i imly an 


miKTali jud mckt in ■ tray Ihal hu nevor 
la direcliuni ik given wiih ihe uudou cku- 



" To the TOunger wotken in GcnloEy, Prof. Cole-i book urill be 

ionnrrtO Ihe lmo«i» of ■ InngnilgB. — Ja«m*«t ^wlVti'. 
"I'hu the woik dBcmt il> liiie. thai it U_fall of 'AlDi.'uid in ika 



c sssT of >u kbd yet published, . . . Fuu 



diSarcBt beta IhoH in any «lur Ma 
Stttiuk GearntfikicaJ MiigroMinf. 

•■TtisMCLLBKT MaHU*1 . . . 

OB the EnnuutiDn of FohUi ii probably I 
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8 CBABhBS ORfFFTN * OO.'S PUBLICATIONS. 

SEWAGE DISPOSAL WORKS! 

A Qulde to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 



OcuiliafRivcrFoUutiaiujuidRecoi 

doni of Vorioui CoomiiHioiu. 
Hsuriyund Daily Flow arSengc. 



PART II.— S6:WACE DiSIYISAL WOEKS IN OPEaATlON^THKlft 

CoKsraucTioN, Maintknakce, and Cost. 
lUostraled by Plates showing the General Plan and AnatigFmcDl adopted 



Map of ihr London Stwauc Sjntr,;. 

B ™iS^uifnl1. ' 

DoAcaiur Inigallon Farm. 

Bcddinilan Irrigatioii Farm, Botougli i 

Bedrord simtv Turn Imguion. 
Dcwabury aoJ Hjlchin Intenuimit Fi 

Mcnon, CioydoD Runl SaniUry AuLhoril' 

Swuwick, Deibyihire. 

The Eaiing Sowago World. 

OiUvieli. 

Kineuoa-OB-Tluunet, A, B, C ProccH. 

Salford Sewage Works. 

Bndford, Pnci(^ladoik 

especially UKfut K 



FiiemBaroet. 



ewaxe PrcdpiEatlDii Worlu, Dortmil^ 

(Geimanyl. 
'reaUnent of Sewage hy EleclIDljns. 

- - B.-eKplan<4nd dc^fripdont ikf icaht op th^ 



9«rructiDn and vrorkina of C4ch. - - - The carefully-prepared 



•t^Hy 



a Btir lanpiage. . . . Will prove of Ibc grealcit uie la all who have (he pnibleu"3 
L— «»• T^i«r.^..i »/, t^^M Tt- .....-^i cDzuEructuinf dAwioft, sod Kypft ■!« ^p 



Ihl "—EdiKiMrti MiMatljm 



CRIMP (W. Santo) and COOPER {Ch. Hamlet):. 

A POCKET-BOOK OF RULES, DATA, AND GENERAI* 
INFORMATION, useful lo Municipal Engineers, Surreyora, 
Sanilnry Inspeclots. 

LONDON: EXETER STREET, STRAND. 




CROMPTON (R. E., V.P.lnstE.E., M.Inst.C.E.): 

DVNAMOS (A Praclical Tteatiie on). Wilh numecous Illuslrations, 
In Large fivn. 



BV J. R. 



T\r O EK S 

AINSWORTH DAVIS, B.A., 



DAVIS (Prof. Ainsworth): BIOLOGY (An Ele- 

mentaiy Tcsi-Book ofl- In large Ciown Svo, Cloth. Second Edition. 
PART 1. Vkcktablk Monphoi.ogv and Physiologt. Wilh Compleic Indcx- 

Glossarjr and laS llliisltntions, Pricu Si. 6d. 

Part II. Aniual Mokphoixmiv and PiiysiOLOcy. With Complete Index- 

Glouaiy and 108 lUuatra Lions. Price loa. 6d. 

EACH PART SOLD SEPARATELY. 

•,* Note— The SECosn Edition bu been Ihoroi^ly Revised and Enlarged, 

and includes all the leading iclecled Types in the various Organic Groups. 



fanM.'- SatKtJ*.^ Simv. 

" Utenlly riCEUi with fnloniulkin.'— C£u«(* MtdUjl/timal 

DAVIS (Prof. Ainsworth): THE FLOWERING 

PLANT, as lUuslmling the Firsl Principles of Bolnny. Large Crown 



ibe ^niUatiPB af ru« 



Ibc ch^wr m lb* F 



DAVIS and SELENKA: A ZOOLOGICAL 

POCKET-BOOKi Or, Syno|sU of Aiumal Clarification. Comprising 
Drfinitions of the Phyla, Classes, nml Orders, with Explanatory Remarks 
and Tabid. By Lir. Emil Sclenka, Profesor In the University of 
Eilangen. Authorised English Iransktion from the Third Gernian 
Edition. In SumII Post Svo, Interleaved for the use of Siuilenti. Limp 



Cove 
" Dr. Selcnka't KUoim] will be found uufu 

Hit uumal"wurld."— «rf/* jSO"*™"'; 
" Wm prove Tcrr >errLDeable IQ those who 



by. I 



I at Zoolcpgy- It ua 1 



LONDON : EXETEK STREET, STRAND. 



OHAnLSa ORIFFIN * C0:8 PUBLICATIONS. 

GAS, OIL, AND AIR ENGINES 



Bv BRYAN UONKIN, M.Inst.C.E. 
With numerous lUuilmtioni. Large 8vo, 3is. 

CiHDAL CoiiT>H73 Bmi BDBIIIU ! —GcpMal Docription— UiHurv antl Devci 

mcnl— Biiliih, French, and Gormin G« CnginB-GM PtcHiuciioo for Motire Po*. 
I'leorv of Ihc Gji< F.ngim;— Chcmicil CDinp9iilic<n of Gu in Cu Engino- UliUutKK 
Ha>i-Ejinl«iDn ud CniBlnitlion. OU HoMra :— HiHoly niid DevoEapiDait— V^ri 
Typn-PnolminV and othrr Uil EoglnEi. Rot-AlT EhbUM:— Hnioiy and ttetc] 
nnit— VuiDuiTypn: Surimg*i, Erkn«i's, &c, &c. 

"Ttie BtST >cx>ic HOW rDBLHBUlaB Gu, Oil,uid Air Engina. . . . Idr. Daolc 
bHk mli be of y«KV cbbat ibterdt lo [he nuiuroai pnoieal encingcn vtu ban 
id«l(CIhdaiBelTeifHniD»rwiib themalwaT the djiy, . > - He hmt the btviuita(E Af \a 

aod mn accDAie peroeptioii c^^vHmiTWnenl* oTEDEhKcn-*— /'Ar KmgiHtfr^ 

■'ThEiutsUiceBceihutMr. BiVAH Donkin hu pufah>h«liTul-book ihouki be cc 
news to aU who desifv ntiibk» iip-ta<da» uifonnaciaii. ^ . - Hit book is ucar tim^ 
- u fim lighl u being )uil the kind of book for which cnrvhedy ini 
■— bten LootEinj. ... We miahtilv iiiciihhbmd lit. Dcwbj 






Nothing of M 



ret bju been tooftinx. . . . 



•—JtHrmmt e/Goi l-itiNmc- 



INORGANIC CHEMISTRY (A Short Manual of). 



Second Edition, Revtseii. Crown 8to. Cloth, 7s. 6d. 

"A weU'wriiton, dcBr uid acciii4te Elementary Manual of rnor^nic Clienunry. 
We t^Kt hemily in the vtaaa adopted by On. Dupt< and Hake. Wiu. hakk Bi 
Kii»T«i. Wean T«i»uy mnmsTitic bbcausm m™Aicioix.-—Saftrrdaj Jtnirm. 

"TbeniiBoqueition thit.giVEnlhi: FiiliFICT CKHinDiMUDr tbESiuiIcniiiibu Si 



HINTS ON THE PRESERVATION OF Fia 

IN REFERENCE TO FOOD SUPPLY. 
By J. COSSAR KWART, M. D„ F.R.S.E., 
RbcIui FrofenoTDrMitural Hiilor;, Uoivertily of Ei 
Id Crown Svo. Wrapper, Sd. 



LONDON; EXETER STREET, STRAjm. 




Second Edition, Jiiviied. Royal %vii. Wah numerom ItlmlraSiens and 
13 Lithop'ixphic Plain. i/andsomt Clvtli. Friee 301. 

BRIDGE-CONSTRUCTION 

(A PRACTICAL TREATISE ON): 

Being a Text-Book on the CoDstmction of Bridges in 
Iroa and SteeL 

FDR THE USE OF STUDENTS, OflAUGHTSMEN, AND ENGINEERS. 



T. CLAXTON FIDLER, M. INST. C.E., 

PidF. dE Enginceriai, Unirenil^r CoUe«e, Dundee. 



"Jlr, FrDLBB'8 SDCceas wiaes from the combination <•£ 

BIUPLICITV OP TREATHEKT diipU^ DD eTeiy pKge. . . . Theory i* kept in 
Bubordiiuttioii to prsctiEe, aad liu book is. tberefore, ■> iu«fu] to giiuer-muera 
m to Htudent* of Bridsa ConHtrnition."— <rAe "JrcAiferf" oa tht Secoad 
Edition. i 

" Of Ikte yean tlie Ameriean treatiaes on Practical and Apjllied MecbaDica 
Lave taken tha lead . . . since tho o|ieoiiii{ up o[ a vast cuntineat bas 
given tbe Amencan eagineer a Dumber of new bridtie-problema Co Bolve 
. . . but wo look to tlio paasEST Treatise ok BRtDGB-CoNSTRDCTiON, and 
tbe Forth Bridgs, to bring us to tho front »([Bia."— £iiinn«r. 

" One of the tert best rsoent wores on the Strongtb of Miterikls and its 
u>pbiation to Bridge-Construction. . . . Well repass a careful Study." — 
engineering. 

"An [HSiarEHSABLE HANDBOOK for tbe practical Engineer. "—ifoJurc 

" An admirable account of tbe theory and proueas of bridge-design, at okce 
sciEtrnrtc akd rnoaoTiOHUV fiucticai_ It is a book sncb as we bave a right 
to expect from one who is bimaelf a Bubatsntial contributor to tbe theory of 
the subject, as well as a bridge- builder of repate."— .Soturrfay Sepietc. 

"This book is a model o£ what an engineering treatise ought to be."— 
Indutfriei. 



a TBKATiai or okiat hebit. "— Watmiagter Jterieu. 
"Of recent teit-booka on mbjects of mechanioal science, theri 
' ne more ablk, KJiUAuaTivE, or usi — '' " "" '^" 

<D Bridge- Construction." — Seoltinan, 



apnearod no one more able, eiluaustive, or nsEruL than Mr. Claxton 
Fidler-s' ■ ^ ■• - ■ 




12 CHARLES GRIFFIN S CO:S PUBLIC ATIOKS. 

Ofe afid Stooe jWiDiDi 

(A Text-Book of) : 

FOR THE USE OF MINE-OWNERS, MINE-MANAGERS, 
PROSPECTORS, AND ALL INTERESTED IN 
ORE AND STONE MINING. 

BY 

CLEMENT LE NEVE FOSTER, D.Sc, F.R.S., 

PROFESSOR Ol- MINING. ROYAL COLLKCK OF SCIENCE; H.M. INSPECTOR. OF MINES. 

In Large Svo. With very numerous Illustrations. 

[Griffin's Mining Seri 



GIBB (Thos., Associate, Royal School of Mines 

COPPER (THE METALLURGY OF): Being one of the K< 
Metallurgical Series, edited by Professor Roberts-Austex, C. B., F.R. 
(See p. 26.) 

GRIFFIN (John Joseph, F.C.S.) : 

CHEMICAL RECREATIONS; A Popular Manual of Experiment 
Chemistry. With 540 Engravings of Apparatus. Tenth Edition. Cron 
4to. Cloth. 

Part I. — Elementary Chemistry, 2/. 

Part II.— The Chemistry of the Non-Metallic Elements, including 
Comprehensive Course of Class Experiments, 10/6. 
Or, complete in one volume, cloth, gilt top, • • 12/6. 



LONDON: EXETER STREET, STRAND. 
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SCIBifTIFia AND TBCHNOLOGICAL W0BK8. 



I 



Electrical Engineers' Price-Book. 

Electrical, Civil, Marine, and Borough Engineers, Local 
Authorities, Arehltects, Railway Contractors, &o., &o. 



H. J. DOWSING, 
OENXRAL OONTBNTS. 



^irlftfArt,; i-flhtLn 



Paht I.— prices and details of machinery and APPARATUS: 

Buildingsfor Generating Station: Gcnemling Plant (Steun, Gas, and Oil En(nnex): 
Dj^nanuis {Continuous. AUemaling, and Exciteni}; Storage: Measuring, Rcgu- 
latiog, and ConlrolUng Apparatus; Dislritniline PUnI, Public and Privatei 
" " " Warming, Coofcingi and Ventilating bjr Electricit)' ; "*' 



pakt 1[.—usefulin formation concerning the supply of 

ELECTRICAL ENERGY; Complete Estimates: Reports. Rules and Regu- 
lations. Useful l^bles, &c : and General Information regarding tbe oarrying out 
of Electrical Work. 

"Tha Elicteical Faici-BooK ekhovh all HViTimf aboui ibc cut of Elcdriol 
" *.-'... ... ^-ji ^ pntjuLeil by utilisiiv eleetricily de 

lie Ippliciuan dC ElccUidly is 









K and trouble both lo Ihe e 



inramllhel) 



GURDEN (Richard Lloyd. Authorised Surveyor 

for the Governments of New South Wales and Victoria) : 

TRAVERSE TABLES; computed lo Four Places Decimals for e*efy 
Minute of Angle up lo loo of Distance. For the use of Surveyors and 
Engineeis. Third EdiUan. Folio, strongly half-bound, 31/. 
*,* Publiskfd with Canairrenci af l/u SurB/ytrs-GeHera] for AVm Seuti 
Wala and Victoria. 



srsqluiEd. ThiiaHme 
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SCIENTIFIC AND TKCHNOLOOICAL WORKS. rs 

In Lar^ Bvo, with Illustrations and Folding-Plates, loj. 6d. 

BLASTING: 

A Handbook for the Use of Engineers and others Engaged in 

Mining, Tunnelling, Quarrying, &c. 

By OSCAR GUTTMANN, Assoc. M. Inst. C.E. 

Mtmtrr sflkr Socitlia It/ Civil Emfbirrrt mU AnkitKll sfVitHM and Biulafat, 
CtmifoHjiiii Mrmitr tflkt liHf. Ray, Gtalafiial tiulilmlait s/AiHlria, O-c. 

■me line, At mulu of initn riuu rxicr'c^ bifmiihcb both in JrfiDing'^Drk'ud b 
tt> Muiubctun of EjiplDui^i. Ii IhrrEbn: preienB in amclK farm oil ihil hu bmframt 
pad in thE •arioiu nnbod* of procedun. The lUiuIcaliani ronii a ipeciiL and nJiMbla 

General Contents.— Hisictrical Sketch— BU-uling Materials— BlaRing Pow- 
der — Variooa Powder-mixtures — Gun-cotton — Niiro-glycerine and Dynamite — 
Other Nilro-compounds — Sprengel's Liquid (acid) Ki plosives —Olber Means of 
Blasting — Qualities, Dangers, and Handling of Explosives — Choice of BlaslinK 
Maierials — Apparatus for Measuring Force — Blasting in Fiery Mines — Meant Of 
Igniting C liaises — Preparation of Blasts — Bore-holes— Machine-drilling — Chamber 
Mines-Charging of Bore-holes — Delermination of the Charge — Bbslingtn Bot^ 
lioiea— Firing— Straw and Fuic Firing— Electrical Firing— Substitutes for Eleeirical 
Firing— Results of Working — Various Blasting Opemtioni — Quarrying — lUasthig 
Masonry, Iron and Wooden Structures — Blasting in earth, under watef , of ice, fta. 
"•Nit ADKiitAiia work,"— Calliirf GMMnHaM, 
Lhonld prove a vrnde^mmm Lo Mining £il|lneeit and all enfHged tn pracll^ VOfk.** 



lyitA Numerous Illustrations. Price 12 s. 6ii. 

PAINTERS' COLOURS, OILS, AND VARNISBES : 

A. I*i-actical IVIaniTEil . 

By GEORGE H. HURST, F. C. S., 

Member af the Society af Chemical Induilry ; Lecturer on the T«hsol3g]r orPilnMn' 
Coloim, Oili, and Viniitho, the MuDit^ipal Teclmical School, Uancheilcr. 

Ceheral Contents.— Introductory —The Composition. MANtiPAcrtnK, 
Mshl. and AnalvsIS of While Pigments— Red Pigments— Yellow and Onose 
'Kgments— Green Pigments — Blue Figments — Brown Pigments — Black PigmcnM 
—^AKES— Colour and Paint Machinery— Paint Vehicles (Oils, Turpentine, ftc. 
Jk. )— Driers— V A RN ifi H Es. 

This uieful took most luecHirully cDRibiBS Theory and Praclice ~ 



:ipecL The direetiont are conciK, clMrly laidUcTble. 

mix •mOl.'—Cltrmijl and Dntri't, 

•• A voA llHt it both uiefiil and necesary, froiB ihe pen of a wriier expeneaeed in Bate 
'<*■¥> ihu OBE with [he very wide lubjecl wllh which he deals, Vuv valuails lilflirM 
«ion u gi«tn."— /■/■wif ^-irf DfcenUsr. 

" A THOXOUCHLT PaACTitiAi. book, . . . coiudtuling, we believe, the oMLr Eaflub 
work that uliiranorily ireiti uf the manulaciute of oili, csloun, and pigscius.''— l74nnlM/ 
TrBda- 7n,«w/ 

"Throaahoui the work are leanered hinn which are iiivai.ua»i.« (a 

LONDON : EXETER STREET, STRAND, 



COAL-MINING <A Text-Book or 



HERBERT WILLIAM HUGHES, F.G.S^ 

Auoc. Royal School oT ftUnei. CenificUHl CoJUery Uanafcr. 
Second Ehition*. in Demy 8iw, Jlandsfme Clelk. H-'ilA very Ifttmtrm 
lUuslTBlvtns, meilly riductd from Woriiittg Dma^ngs. i8». 
"The deinils of colliery work hive b«n fully describnl, on ihc ground il 
collieria are mote often nude BKUUNtUATIVB by pekfection tN SMALJ. MATT! 
llua by bold sUokes of eneincenng. . . . JlfrcijuEnlly happens, in pailicu 
lo^ilies, lba[ the ailopiion of a combinalion of sniali impravemeiils. aoj' 
tuhiah view«<J separaiely may be of apporenlly little value, turns xn uiiliiioliu: 
concern into a paying tiae."—Eilr<iitfrBHi Author's I*rt/«ci. 



GENERAL CONTENTS. 
ulti-Ordcr o( SuicESHon— Ciilwiireniu Syiten in 1Mb 
maiion at Coal-CUullkaiiun and QHimerciiU Value of Ca 



qC deep Bonne— Special methods of borinf^ TUathcr & Plati\ American, and Diubo 
■ymenM— Accidmu in Boiini— Cou of ttonnE— Uk of BorebolcL BiekUBK Onma 
Tooli— TniKinluiDii of Pawar: CompRtied Air, Eleclricity— Power Machine niill»>-C 
Cuttinf by MiclibiErr Cnl oT C»I Culling— BxplMlvia—BluIine in Dry and Du 
Min«- Blutlug by Elcmricitv— Varioui aethodi ta nipentde Blaninit. Btskli 
Paition, Form, ud SiiE of ihafi— OjKnuioB of felUmi down to " Stone-head ~ — Method 
pmucding uniiwgrdi— Lining tblfll- Ktrniing out Water by TuUliBC— Cott ofTUbtui 
SinkinE by Danng— Kind-Chnudnui, awl lipmann nethodi— Sinldng thraueh Quiduii 
— Cmt ofSiakinK. FiaUmlBUy Dp«t«Uoiil L DrivinE nndcrgniund Roa&— Sutnoni 

Roo(:TllBbenne,ChticiinrCDI>, Iron and S— ' *■- ' "' 

lata, llathoaa oCWoiKIdb: Shaft, Pm.it 
Lancailiire Uelhod— Lonemll Mfihod— n i: 
Wotklu Thick Seanu— Wartdig Seams i"- 
Baolaaa: Kailt—Tubi- Haulage hyH<-< 
—Main aad Tail KtqK—Endlu* Chun J 
Frames- Pulleyl— Cigel-Ropu- Guide > '. 
Espaniion'-CDDdeaQtion — Compound Cndi'i- 

to^-Ch*BBing Tub«— Tub Conlrolldn-SlsujIUnB. Iuu;plI:G' ITu.tci and riiinj 
Pumps — SupponiDg Pmet in Shaft — Valves — ^^iMi^ed hiL^ t^t SmLing^CMniah ■ 
SuU Enilntt— Davey DiHerential Enj-ine— Wonhlnaloii Pump— Calculatluni u la cite 
PinojH-Sniining Deep Wo>litng«-Dainj. TanOlaUonr Qnaalitii of air reniied 
Gaaei net vith in Minet-Coal-duU-ljiwi of Fiictisn— Piodwaion of *'- niiniili 
Natural Vetitilatioa- Furnace Veutilalioa — Mechaoical Venlilaton— KIBcieney of JT^h 
Compaiuan of Futnicei and F>n>— Dislribulian of the Air-curteni^MiasiirciDent o( K 
cuirentL UabllngT Naked Li^hli ->- Safety Lampt-> Modem Lanpc — ConclllikiBI 
Locking and Ueinini Limpt- Elcciric Light UndernwDd— OclEcate Inditaton, Wool 
M Baifiiea; Bcalen— Mechanical Slokuig— Coal Canvryon— WBtkifaops. SvaniaOi 
orCoBlfiuMarkali General Comidenitioia— Tipplew— Stiatni Varying the &e(a«i 

Bent ol Vaiioui Screening EiubUibnenti- Coal Waihing— Ky CBalClnQiiie -Briqiutu 



but few men. If me miuake not. hli leil-hook will 

tTAHDAaD noRK of ill kind. "— AtrwHf Ann Daily Gaullr. 
•.*A'<i».-The fini large ediiian of ihu work wu eihauui 



end the >eHi 
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SCIENTIFIC AND TSCHNOLOOJCAL WORKS. t? 

WOHKS BY 
ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Prv/,iar B/ Eltitrkal £npmn.inr. Th, Chiton, and Wttl n/ SctUand 
Tnluietl CttUgt. 



PROFESSOR JAMIESON'S ADVANCED MANUALS. 

/./ Larg.- Crc.ri, S.-'.'. /'u.'Jy IlluUrjh:!. 

. STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use nf Stiidenls preparing ftir Compeliiive Examinations. 

Wilh over aoo lilHslratian^, Foitling rUlet, and Examination Papers. 

Ninth Edition. Revised nnd Enbr^ud, S/6. 
'■Profea 
"Til. 1 






s ihe 



" UodoubledlT ifa 



T Book yet publubed fo 



;,.« 



ir/ESs 



. MAGNETISM AND ELECTBICITY (An Advanced Text- 

Book on). Specially iifiiinj^l for Atlvanced aiid " liijnoutt." Slinietils, 

. APPLIED MECHANICS (An Advanced Text-Book on). 

Specially irraiiEcd for Advanced and " Honours " StudL-iits. 



PROFESSOR JAMIESON'S INTROOaCTORT MANUALS. 

Ja C'-a-.cn S:-;-, dolli. II'M :-cn' "umcnui mnslralions anJ 
Ex^tmimtlhu P,.fcis. 

1. STEAM AND THE STEAM-ENGINE (Elementary Text- 
Book on). Specially arranged for First- Yc»r Sludenls. Timrd 
Editio;*. 3/6. 

" 5^^d t^ ii> [be ha^ o»tv»t enttn^Hng 'upprtinice."— /'n»(nu/£iwi*wr>'. 

I. MAGNETISM AND ELECTRICITT (Elementary Text- 

Book on). Specially arranged (or I'irstVear Sludenli. Thiiii> 
Edition. 3/6. 



. Tlic 



. Diagni 



. The f nbjt.:! il 






3. APPLIED MECHANICS (Elementary Text-Book on). 

Specially arrangeil for Firsl-\'eBt Sludenls. J.'fi. 
may be Cijnilcnicd inlo iheonewonl ' ci.i\i.' "—.•^i irucr .iiil An. 

A POCKET-BOOK of ELECTBICAL RULES and TABLES. 

I\}R THE i/SE OF ELECmiCIANS AND ENGINEERS. 

Pocket Siic. L««lh«r, S>. 6d. Tenth Ediliott, rcviseJ and GDlats«I> 

(See under Munrt and /amiam. ) 

LONDON: EXETER STREET, STRAND. 
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In Two Large 8vo VoliimB.B 



pp., with a SUPPLEMEKTill 



Volume, containing SpeciM 



of Dyed Fabrics. HaiidM 



Cloth. 45s. 



MANUAL OF DYEING. 

FOR THE USE OF PRACTICAL DYERS. MANUFACTUREPS. Sni*« 
AND ALL INTERESTED IN THE ART OF OrEIHt J 



t KKECHT. Ph.D.. F.I.C.. 

•JfyiJ!M,'vp^;i,7"«;i':»'^''-".'V'"JT^n 



CHR RAWSOH. PK, 




And RICIURD LOEWENTHAL, Ph-D. 



i 

i 



0»siHAL CovTENTa.— Chemicrf T«abtii>loftT of the TeitacH 
W«lBr — Waahiug nnil Bleuhing — Acf da, Alkaltea, MunlnBU-W 
Colouring Mottera— ArtiliciAl Orituuc Colonritig Mitten— MiBodUi 
— Miichinery used in Dyeing— Tiaetoriikl PropertitH of CoIoaringViM 
Aoalj'iiauul Vuluation of ll«tcri»lj used w Djcioy, Ac, tc 




SCIENTIFIC AND TECHNOLOQICAL WOEKS. ic 

ELECTRO-METALLURGY (A Treatise on): 

Embracing the Applicatioo of Elcctratyiis to the Plhting, Depoaitiaj;, 
Smeltiug, itnd KefiiiiDi: of various Metals, and to the Eepro- 

dnotioa uf Printing Surfc.'ea aod Art- Work, 4c. 
Bv WALTER G. M'MILLAN, F.I.C., F.C.S., 

<^ UriaUnrgf in King'i Mlrsr, Lunian. 

With numerous lUuatrstiOM. Large Crown 8vo, Cloth, I(h. 6d. 



Gksehal Contents. — Inlnrfutlorj — Sonrcw of Cnrronl— Genfrsl Condkioiv 
ta be obtuTtd in Jill«Cn>-PUtliig— PUline Adjanct* uid Dispoailion of Pluil — 
CleanainK and Praparation of Work for the Depoiitiug-Vat, and Subatqnent PolishiDg 
of Plated Goods— ElcctrD-Depoaitian of Oopper— ElHtnlrplDg-^KlKtro-Dqiciiilion 
liter— of Gold- of Kickel and Cobalt- d Inn— of Pl.nnuBi, Zino, CadmiiuD, 



Tin, Lead, 



Lead, Antitnonv, and Biemntb; Klectro-ehromr- Elutto-DEpoiitioa ot Alloji 
ro-Mftallargical Estraotion and Befining ProonKi — Kecowrj of cen... 

Uetala frora theu- Solntiona or Waite Snbatancei- Determination of the Propurtio 

of Metal in certaia DepositiDK Solaliona— Appendix. 

"This excellent treatiie, . . . one of the best and i 



□uLnnals hitherto published on Elettro- Metallurgy." — Elttirical litvitw. 

" This work will bo a STANDARD."- /eice/i<r. 

"Any metallurgical process which rbadcu the cost of productioa 
mUBt of DcoeflBitf prove of groat commercial im]>orlance, . . , We 
recommend this manual to *n who are interested in 
APPLICATION of electrolytic procesHeg."- J^iMure. 



Sbconb EBrrioN. Enlnryed, and vtry/tilly Illuatrattd. Cloih, 4s. 6J. 

STEAM - BOILERS: 

their defects, management, and constrdction, 
By R, D. M U N R 0, 

E>vi»«r •>/ tht SoMiill B9tliT iKMuratae and Eivtne IntpatioH Cempanf. 

This work, written chiefly to meet the wants of Mechanic*, Engine- 

keepera, and Boiler-attondanta, aluo uontains information of the first imjiort- 

■nce to every user of Steam-power. ItisapFiCTiOALwork writlenfor pkac- 

TioAL men, the language and rules being throughout of tbe aiuiplest nature. 



Oeneeal Costents.— Eiploaions oanaed by Overhestbg of Plates: (a) 
Shortness of Water: {b) Deposit— Eiplosinns caused by Defective and 
Overloaded Safety -Valves — Area of Safety-Valves — Eiploeiona caueed by 
CorniBiaa— Explosions caused by Defectivo I>etign and Conatruction. 

" A valuable companion for workmen and engineers engaged about Steam 
Boilera, ought to be carefully studied, and alwatb at hand."— CuU. Uuarii'ian, 

" The aubjeeta referred to are bandied in a trustworthy, clear, and practical 
Bunnnr. . . . Tbe book is VSB.V usiruL, eapecially to steam aiera, 
id young engineers. "—£fi!yin«r. 

LONDON : EXETER STREET, STRAND. 



20 CHARLES ORIFFIN S CO.'S PUBLIOATIOK8. 

MU NRO k JAMIESON'S ELECTRICAL POCKET-BOOK. 

Tenth Edition, Revised and Enlarged. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLE 

FOR THE USE OF ELECTRICIANS AND ENGIN££RS. 

BY 

JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.1 
With Numerous Diagrams. Pocket Size. Leather, &». 6d. 



GENERAL OONTENTS. 

Units of Measurement. Elkctro-Mktallurcy. 

Measures. , Batteries. 

Testing. Dynamos and Motors. 

Conductors. Transformers. 

Dielectrics. Electric Lighting 

Submarine Cables. Miscellaneous. 

Telegraphy. Logarithms. 

Electro-Chemistry. Appendices. 

"WoNDSKFULLY PsRFSCT. . . . Worthy of the highest commendation w« < 
gire it." — EUctrtcian. 

** The Stskling Valub of Measn. Munro and Jamibson's Pockkt-Book.' 

EUi trical Rrvietu. 



MUNRO (J. M. H., D.Sc, Professor of Chemistr 

Downton College of Agriculture): 

AGRICULTURAL CHEMISTRV AND ANALYSIS: A PRii 

TICAL Hand-Book for the Use of Agricultural Students. 



NYSTROM'S POCKET-BOOK OF MECHANIC 

AND ENGINEERING. Revised and Corrected by W. Dennis Mark 
Ph.B., C.E. (YALE S.S.S.), Whitney Professor of Dynamical Engineerin 
University of Pennsylvania. Pocket Sire. Leather, 15s. Twentiri 
Edition, Revised and greatly enlarged. 



LONDON: EXETER STREET, STRAND. 




Demy Svo, Mandsoma cloth, 18s. 

Physical Geology and Paleontology, 

0..V THE BASIS OF I'EIUAl'S. 



HARRY GOVIER SEELEY, F. R. S., 
mnitb f contfsplece In GbtomcXltbosraiibs. aiib Sllustratlona. 



" It b impossible to praise loo higlily the cejeirch wiiich Professor Seblev's 
• Pkysicai. Geology cridences. It is far more THAN A Text-book — it it 
a Directory lo the Student in prosecuting his researches." — Prtiidenliol AJ- 
dnsi ID thi Geological Soiuly, \S&$,iy Rev. Fro}. Baniay, D.Se., LL.D., F.K.S. 

" Professor Seelev maintain! in his ' Physical Geology ' Uie high 
reputation he al'eadT deservedly hears ai a Teacher, " — ZJr. Henry Weed- 
ward, F-R.S., in tit " Gealogital Uagamnt." 

" Fkofessor Seei.ey'5 work includes one ol the most salis&ctoty Treatise* 
on Lithology in the English language. ... So much that is not accessible 
in other works is presented in this volume, lliat no Student of Geolog; can 
afford to be without it." — American Journal of Enginemng. 

Denj']/ Sua, Handsome cloth, 34^. 

Stratigraphical Geology & Paleontology, 

O.y THE BASIS OF PHtLLIFS. 



ROBERT ETHERIDGE, F. R. S., 



mftb Aap, numerous trabks, atib TLhixv^sii plates. 

•,' Fro&pkctus e/ fie aiove imfii'Tlant wtrt^-rerAafis lAr MOST elaborATR^ 
irt iind r..-er vrillen, and on/ ioIcHlalid le gtae a new slrenglh lo the sluify 
of Ce^hgy in Ei ilain—may it Mad en apfluatisn to the I^biitkert. 



liogical kna«leil£v Iua vi 



"l[Pitor.SMi.BV'sv 
Ur. EiHauDcifullvju 
■uuctioD and deuil IVdiii 



{hi UgethCT hefdrt"— 
lebreadlhofiBYww* 
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2a CEARLB8 OStFFlN A CO.'S PUBLWATTOlfS. 

Thtm" EiiiTios, Hunted 6y Mr. H. Bawrmaa, F.O.S. 

ELEMENTS OF METALLURGY: 

A PRACTICAL TREATISE ON THE ART OF EXTRACTINfl METALS 

FROM THEIR ORES. 

Bi J. ARTHUR PHILLIPS, M.In3t.C.E,,F.C.S.,F.G.S., Ac, 

And H. BAUERMAN, V.P.G.S. 



With Folding Plates 



y llluatratL. 
H&ndaome Clotb, 36s. 



Large Svo. 



Fuels, Ac. 
Almninium. 

Tin.'"'' 

%• MftOyUOTABLB 



QENESAI. CONTENTS. 

AntimoDy. Iran. 

Arsenic. Cobalt. 

Zinc. Nickel. 

Mercary. Silver. 

Bismuth. Oold. 

Lead. PUtianm. 

, dealing nith new Proceases and DevelopmeDt^ 

vill be found in the Thitd Edition. 



"OftheTniRD EninoH, we are still able to saythrt, as a Text-book of 
Metallurgy, it ia the eebt with which wo nre acquaiotpd." — Enplnrfr. 

"The value of this work is almost incttimaU«. There can be no <iaestioa 
that the uiiouDt of time and InlHtur bestowed oil it is eoormoiu. . . . Then* 
is certainly no MetaUurgtul Treatise in the laDguoge calculated to prove of 
audi generftl utility." — MiBxag Jnurnal. 

" Id this moat Qsetnl and huidBoine volume is condensed a large amount of 
valnable practickl knowledRe^ A careful study of the first division of tli« 
book, on Fuels, will bo found to be ot great value to every one in training for 
the practical applications of our Bcientibc knowledge to acyof our metallur^- 
cal operations. —.liiAemrum. 

" A work which is equally valaaWe to the Slndent aa a Teit-book, and to 
the practical Smeltor as a Standard Work oF Reference. . . . The lUuatn- 
tions are admirable eiamplce of Wood Engraving."— <.'Af7»JcaJ yetct. 



POYNTING (J. H., Sc.D,, F.R.S., late Fellow 

of Trinity College, Carobriilgc; I'rofeiior of Physics, Mason Collide, 
Biimiiigham) : 

THE MEAN DENSlTi' OF THE EARTH: An Essay to 
which [be Adams Prize was adjudged in 1S93 in Eke Uiiivemty of 
Cambridge. In Iar(;c Svo, with Bibliography, Illustrations in (he Text, 
and seven Lithographed Plates, lis. fid. 

and THOMSON: TEXT-BOOK OF 

PHYSICS. (See under T/,omsBa). 



LONDON: EXETER STREET, STRAND. 



BOIBSTIFIC AND TEOBNOLOOWAL WORKS. »% 

WORKS BY 

W. J. MACQDORN RANKINE, LL.D, F.R.S., 



■W. J. MILLAK, C.B., 



I. A MANUAL OF APPLIED MECHANICS : 

Comprising tlio Frinciplai of Stntica anil CinemntiiM, aud Theoiy of 
tjtructuree, Mechauism, anil MiicbitiL-H. WItli Nuineruui Diagnuna. 
CrowQ Svo, cloth, 12b. 6d. Tuiktkicnth Edition-. 

II. A MANUAL OF CIVIL ENGINEERING: 

Comprisin); EngiiieeriDt; Surveys, Kurbhvork, FoundatiotiH, Muonrj, Car- 
pentry, Metal Work, Uuads, ISuilwayE, Caualis, Hivcra, \^'nte^Mra^ka, 
Harbaiira, io. With Numerous Tnble» and Illuatrationa, Crowtt Sto, 

cloth, 16a. NiNKTEKKTU EuiTTOS. 



III. A MANUAL OF MACHINEBY AND MILLWORK : 

Compriainj; thu Gaaiiiotry, Motions, Work. Stren^li, ConEtruction, aod 
Objects (if MuchLues, fto. llIuBtrated ivitli neaily 3U0 Woodcuts. 
Crown 8vo, cloth, Ua. 6d. Sbvknth Editios. 

IT. A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 



V. USEFUL RULES AND TABLES: 



<r Arcliitecti, Buildcre, En^ue 
Surveyora, 4c. With Api-bs 
By rrorcBBor jAUitsu.'*, t'.It, 



inilcrs, Mecliunici. ShipbuOdera, 
iie uBi- of Ei.ECTmcAL Enciineess. 
EVtNTU EuiTiu.s-. 10s. Bd. 



VL A MECHANICAL TEXT-BOOK: 



A Practical and SInipla Introduction U> t 
Profeaur Rankink and E. 1;'. Bambcii., 
tratioDs. Crown Svo, oloth, 9b. Foi'iii 



Ktudy of M. 
E. With Ni 
Edition. 




24 CHARLES ORIFFIN S C0.*8 PUBLICATIONS. 

Prop. Rankinb's Works— (C^^fi/rVwA/). 

VIL MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 3 Is. 6d. 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and iSolids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave- Forms, Propulsion of Vessels, &c. 

With Memoir by Professor Tait, M. A. Edited by W. J. Millar, C.E. 
With tine Portrait on Steel, Plates, and Diagrams. 

^ " No more enduring Memorial of Professor Rankine could be devised than the paUiai- 
tion of these papers in an accessible form. . . . The Collection is most valuable oo 
account of the nature of his discoveries, and the b^iutjr and completeness of his analysis. 
... The Volume exceeds in imporunce any work in the same department fMiblioied 
in our time "—A rckUect. 



REDGRAVE (Gilbert R, Assoc. Inst. C.E.): 

CEMENTS : A Practical Hand-Book on their Manufacture, Properties, 
Testing, &c. {Griffin^ s Technological Manuals), 



T I^ O L E TJ 

A TREATISE ON. 

The Geographical Distribution, Geological Occuprenee» 

Chemistry, Production, and Refining of Petroleam; 

its Testing, Transport, and Storage, and the 

Legislative Enactments relating thereto ; 

together with a description of 

the Shale Oil Industry, 

BY 

BOVERTON REDWOOD, RR.S.K, F.I.C., Assoc. Inst. C.E., 

Hon. Corr. Mem. of the Imperial Russian Technical Society ; Mem. of 
the American Chemical Society ; Consulting Aduiser to the 
Corporation of London under the Petroleum Acts, 

Ac, &c. 

A.«;STSTED BY 

GEO. T. HOLLO WAY, F.LC, 

Associate, Royal School of Mines. 
In Large 8vo. With Maps and Illustrations. 

•,♦ Spiciai. FKiTrKF.8 of Mr. Ufdwoodh Work are (I) the hitherto unpublished d©- 
■cnptionR of the Undkvki.oi'ed Sodrck^ of Pktkolrgu in variuuB parts of the world, which 
the author Ih in an oxceptionailv favourable positiou to give; aud (*.') Rntes for the Tssnxo, 
Tkakbi'okt, and Stokac.e of Petroleum- t lese Hubjects are fully dealt with from the 
point of view of Lkoislaiiok and the Pkecautions which experience in thia and other 
countries has shown to be necesftary in the interesta of public safety. 



LONDON: EXETER STREET, STRAND. 



SCIENTIFIC AND TBCBtTOLOOIOAL WORKS. 25 

RBaal Sat, Hantmut ClaU, iSi. 

THE STABILITY OF SHIPS. 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 



IVitA nmnenms Jliuttratient and Tabtts. 



ic huidA of yaTiJ QiEutmctor^ 



I 



This work hit been wriLten Tot [he purpoK of placing In the 
ShipbuiMcn. OfhcFnorUie Boin] ud Mcminlile Manoet. an 
■ complete TrejuUe upon the Sulnlity of Shiph Bad u t 
LuifviHgc dealing cxhuulivcly with the tuljecl. 

Id order id rtoder the woric comp1e(« for Ihe purposes oF Iho Shipbuilder, whether tf 
home or zbmul, the Melhodi of CuIculUion intraduced bv Mr. F, K. HAaNIS. Mr. Gbat, 
U. RucH, M. Dathard, and Mr. Bbnjahih, are all given upanuel);, illutttued \ij 

DluACrsled by d larfte number of actual mot, derived Ijom Kiupl of alj deicxiptjDni, but 
c^eciallT from vhipt of the Mercanti^ Marine. 



The work will tbui be (bund to i 
lutheTto pnucnted to the Profeuion 



uunoit care aiid accuracrj the Smp-DRAUCHTmAV vill find ail the uctbodi of calculation at 
pRient in UK Tuliy expuuned and illualntted, and accompanied by the Tables and Fonu 
employed ; the SmrowHca will find the variatiani in ihe Stabihly at Shipa due id diRenocM 
in ibnns and di menai o n s fuU^ dbcuued, and the devices by which the itale of his shijA under 

will find t^xight together and ready to his hand, a mass (j* inforoalion wkieb he wCFUid «l 
wile have to keek in an almost emUera variety of publ>c4tio[is, aw) some of whkcb h« wt 
powbly not be aUe u> obtain at ail elicwha^" — &Umiiukif, 

■■■"' ... cannot be too hifhly K 



Lai ever appeared." — A'j/i 



RICHMOND (H. Droop, F.C.S., Chemist to the 

Aylesbury Dairy Compiny) ; 

DAIRY CHEMISTRY FOR DAIRY MANAGERS: A Practical 
Handbook. (Griffin'l Tahni>ltfsi<al Afanuali.) 

LONDON: EXETER STREET, STRAND. 
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Metallurgists, Hlne-Ownt 

and all Interested 

the KetaUui 

KO 

W, C. ROBERTS- 

CaUUlT AMD AH A VSR OF TUB KOY 

TKK ROVAL OC 

/■ Laft Ih. ftmmdiamii 



L UTTBODUOTIOIT to tii, 

By Ihc Edftor. Tkird Ed: 



volume wl 

kiiowlfi)^ of Ihe u 

■' UlVAtUAIU.K 



i< far adv«ncod.~- 
tbc MUtlcnt. . . 



" Tba vdume atnpjjr mliies the a 
IRUOUn of to cminenl an autbonlr. ll 
ceptioD Mid for Ihe lar^e nmounl of ioi 
reconilucDcl every one who dtsins infor 
ituj watV." ^f.iginttriHj;. 

•• Will It onoe uke fkont rahk ks 

■■ Ptnr. KontRTS- Austen's book m* 

of PKOtlurgy in ihis cououy,"- 



fMl.A> 



a. COPPEH (The Metallurg 
k.s.M.. F.i.C, [■■.>:.s, 

4. IRON and STEEL (Thi 
TvLMK. Aw.c, K.S.M.. F.I,« 

6. KETALLUROICAI. 1 



\Vh.Sc.. AW.C. 

. AUiOTS. By the J 




SCISJTTIFIC AND TSaBKOLOQIOAL WOBSS. i? 

SECOND EDITION, Revised and Enlarged. 

In Large Svo, Handsome cloth, 34*. 

HYDRAULIC POWER 

HYDRAULIC "machinery. 



HENRY ROBINSON, M. Inst. C.E., F.G.S., 
Wttb numccous Moodcuts, vat Q{ti^=n\nc plates. 



Generax. Contents. 



and Lifts— Cydone Hydraiilic Baling Press— Anderton Hydraulic Lift- 
Hydraulic Hoists (Lifts)— The Olis Elevator— Meraey Railway Liltv-Cily 
and South London Railway LiRs — North Hudson County Railway Elevator — 
Lifts for Sub ii-ays— Hydraulic Bam — Peanall's Hydraulic Engine — Pumping- 



Eneincs—Threc-Cylinder Engines— Brotherhood Engine 



> Hydrauhc 



Hydraulic Waggon Drop — Hydraulic Jack — Duckham's Weighing Machine- 
Shop Tools— Tweddells Hydraulic Rivetter— Hydraulic Jo^ling Press — 
Tweddell'i Punching and Shearing Machine — Flanging Machine — Hydraulic 
Centre Crane— Wrightson'i Balance Crane—Hydraulic Power at the Forth 
Bridge — Cranes — Hydraulic Coal- Discharging Machines — Hydraulic Drill — 
Hydraulic Manhole Cutler — Hydraulic Drill at St. Golhard Tunnel— Motors 
with Variable Power — Hydraulic Machinery on Board Ship — Hydraulic Points 
and Ciosaings— Hydraulic Pile Driver — Hydraulic Pile Screwing Appar»tus— 
Hydraulic E»ia»ator — Ball's Pump Dredger— Hydranlic Power applied lo 
Bridges — Dock-gale Machinery — Hydraulic Brake — Hydraulic Power applied 
to Gunnery — Centrifugal Pumps — Water Wheels — Turbines — ^Jet Propulsion — 
The Gerard. Barrg Hydraulic Railway — Greatfaead'a Injector Hydrant — Snell'a 
Hydraolic Transport System- Grealhcad's Shield— Grain Elevator at Frank- 
fort — Packing — Power Co-operation — Hull Hydraulic Power Company— 
London Hydraulic Power Company — Birmingham Hydraulic Power System 
— Niagara Falls— Cost of Hydrajilic Power— Meters— SehOnhey dec's Pressure 
fiegulatoc— Deacon's Waste -Water Meter, 

"A Beek of (Rat Pnilctuaiul UkIuIikh."— /nH. 

*.* Tbe Sbokd EDinoa ot ills nboTs Imparunt work bivi b»en ihoraogtilT mt»d >q>1 

lirDii^I np lo dni«. Hadt TTftw fuTT-po^ Platn hsTO been milded^ihe number heing 

iDiirHisd rrom ta In tfas Fint Edition lo n Id tbs prsMnL Full PtvnweiaB. giiiiw t 

dsicrlpUan o( Uie V\ue*, 01,3 lie h^d on ippliiMiaD lo U» PnbUibsra 

LONDON: EXETER STREET, STRAND. 



aS OffAJtlSB QRIFFiJT * CO.'S PVBhIOATtONa. 

SCHWACKHOFER and BROWNE: 

FUEL AND WATER: A Manual for Users of Steam and W.l. 
By Prof. FRANZ SCHWACKHOFER of Vienna, «nd WALTE 
R. BROWNE. M.A,, C.E., late Fellow of Trinity College, Cainbrid|| 
Demj' Svo, with Numerous lllustiations, 9/, 

CKsmnAL CoNTiHTS.-H«i anj Combuuion - Fud, Vanedis Df-Fiiine Am^. 
nuts: Fum»ce, Flu«, Chmnty-The Itoilir, Ch™t of- Varictic— FentmW 
Hcsun— Suam Pipu— Waur : Compaalioa, PunSutian— FrcvEctuxi of Scale, &t^, ~ 

"The Sect!™ on HntuDocef didKUmdmen lucid emwiiitien.'' — JSt^mrrr. 

" CodOiDi a vait uiuuat of lueful knowledfe. . . . Cuinoc tail to be valoablc^ 
thcruuuidt compcllrd to uieHeun power."— An//»<ir ^H/iurr. 



lOffiS Ij Pror. HDMBOICT SEITOK, F.I.C., F.C.S., F.B.S.E., 

C/u^gm jW If/It i/S.QlbtHd Tth-U^lCi-llift, 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USE Of STUDENTS. 
With niuslrations. FOURTH EDITION. Crown 8ro. Cloth, 3^ 
" A practical HOTk by a praclical man ■ • . wlQ TurTher the atuunmenl of j 
method"— /amma J fff EJuiatitm. 

"AcouFACT I.AHOBAT0IV cirrjn FprhflnDncnwu waaied, and (lie wambu 
the prinaple which uiiderti« each methixl ii aTwayi CULAILV kkpljmkui, ami, tk 



OUTLINES OF QUALITATIVE ANALYSIS. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial OKoman Gun Factories, Conslantinople) : 

THE MECHANIC'S GUIDE: A Hand-Book for Engioeera and 
Artiians. With Copioui Tables and Valuable Recipes for Practicml XJae, 
Illuslraled. Second Editien. CMwn 8vo. Cloth, 7/fi, 

liKNaBAL CoBTMMT*.— Ariihmetic— CeomcBTf-Mcmiiraiion— Veloriiiei in Banav 
and Wh«l-Gcamii£^Whee^ and ScKW-Cutting— AlibcelJaiwDus Siibjecu and Uoml 
,. Kedpo— The SteoDi Ensine— The LocouiQlive— Appcodix: Tablet Tot Piaclical Uk. 
* " The Mkchahic's GurDB will antwer iti purpose ai conplelcly af a whole ■cnaA of 

cUbonLe tcAt-bookj.^ — MnnHg JomtkaL 

• LONDON : EXETER STREET, STRAND. 



Elevnath Edition. 

Dtmy Svo, Cloth. tt'Uh Xamcrmu 



Price 18b. 

I tiiul rations, reduced from 



A MANUAL OF 

MARINE ENGINEERING: 



By A. E. SEATON, M. Inst. C. E., M. Inst. Mech. E,. 
M.Inst. N.A. 

GENERAL CONTENTS. 

Part I.— Principles of Uarine : culatlons for Cylinders, 
Propulsion. i Pistons, Valves, Expansion 

Part 11. -Principles of Steam „ _7!!7^\*^' „ 

Engineering: Part IV.-Propellers. 

Part m.-Details of Marine P^" V.-Boilers. 

Engines: Design and Cai- Part VI. —miscellaneous. 



" In ths Ihree-fdlil cuncily 
and work ft modrrn Uarine 



jling a 



8l»ni-EnR'n<, Mr. Se&bin's 
mpreiiBnsiiL'nw" o( our^xw and lueiJiiy ol tream 
L|>iiruiD(eub]ecta[Mannp CoftlnHrinit la bi 



to dwign, conilnjct. 



irat. No deporlmeni liai «scap«l atte 
•eMiidruid nraeiical work."— iwf»«i 
t MtNUtL in ex>nenc«. . . . 0>««i 



A POCKET-BOOK OF 



Uvea Uie 

l«le account o[ the 
a before the Marine 

LbeMOSTTjiLrtBtK 



MARINE ENGINEERING ROLES AND TABLES, 



UABINE HACHINERT, NAVAL ANB MERCAHTILE. 

By A. E. SEATON, M.I.C.E., M.I.Mech.E., M.I.N.A., and 

H. M. ROUNTHWAITE, M.I.Meeli.E., M.I.N.A. 

With DiagTBtiiH. Focket-Sif^, Leather. 




" SCISNTIFIO AJ7D TBOHNOLOOICAL WOBKS. j* 

• WORKS BY DR. ALDEE WRIGHT. F.R.S. 

lED OILS, FATS, BUTTERS, AND WAXES: 

\ THEIH PREPARATION AND PBOPERTIES. 

And the Hanufactnre therefrom of Candles, Saap3, and 
Other Prodacts. 

C. R. ALDER WRIGHT, D.Sc, F.R.S., 

Id Laree Svn, UBDiIsone Ooth. ^Vilb 144 lUuitraironi. tSi. 

uih « Uie Stahoaud E-icuta Akthokity m Oils anJ Fati rur nuny 



> Ebinos. 'mth very Nmnermi* ninBt™tii>ns. Uanaaomf aolh, 0& 
Also l>r««euUtiiiD Editinii, Gilt lu.l (l[It ^•Igcn, Tb. U. 

IE THRESHOLD OF SCIENCE: 

A VARIETY OF EXPEHIMENTS (Over 400) 



Br C. R. ALDER WRIGHT, D.Sc, F.R.S. 



B^' 



Tu the Nrw BniTioir bu 1>Hn »AAtA ui siceUsnl clupUr on lh« 
which Clua EiparimanU ahonm be cunod out Ua- 

who BIB]' atitl hove doiibU rpgnrdina the value of Klemunt>ry 

' -' — '' 1 will ii|>e«iil)' bkvv hia dmititB <lii>!J>Oli(i!, it tie 

III tti« uielLiids rBCuuinieDiled b)- Ilr. AliW 
1 N'W EJitioo will 1« ul great wrvice la fttl 
nanljr aa a ' pUy.Uwk,' liut u ui iaMnuncnt 
f A0t3 LTIWL "~ A'otu rt. 

■|,.lifa a Ci=k lliit will WQ for bioi Iht. 
iLLiJii^, . . . ^t»|< tty itrp 
- ..f (CHiMio*. ■nwlf Mi>y l>y tlic 
. r\ by the mij>t ■IrtkiDK mu) 
' liOASDBID riun:[j uduwijr 



STREET. STKAND. 





y, ftBABLSB Gttims A OO.V PUBUOATROn. 

By PROFESSORS J, J. THOMSON ft POYWTOH. 

Ju I-sri^o Svr., VMy llld=trateJ. 

A TEXT-BOOK OF PHYSICS] 



PROPERTtEfi OF MATTER; HEAT: SOUND AXD LIGHT; 
MAGXETISM AND ELECTRICITY. 



J. H. POYNTIHG, J. J. THOMSON, 

.[ K.j«iiiitnu.l Ptrfc. IH Urn Ddim 



Shviid EDrnoH. Rtttird »»d Eitliryi. Pacta^Siii, ItatJir. alm^ OgLa Ch, OtA. Ik. 

BOILEKS, MARINE AND LAND;' 

THEIR CONSTRUCTION AND STRENGTH. 

A Hasdbook or Rrua, FoRMri.*, Tabi.es, *i:.. ttKLATrvR to MAnCRUi, 

ScANTLiNua, AMI Peesscres. Safett Vai.ves, Sriuscs, 

J-'lTTIStiS AM> MOC 



foe tbe "Uflc ct all sicanisiaecrs. 



*.* In the New Lbqc the aubjedt -matter hu been ocauiderkb^ « 

Mid Tables have been added for ^^siuree up to SOO lbs. per aqnare iad. 

IU>(nL . . . DOStlllll U BiBUHBI QsiniR 0> ISmUltTlOI IVnilBd la ■ Tin'iMVHhM 

roriD. - - . Tlio*a vho lart to d««va Hkton nilJ Hud that thir «n irtblQ tbe dlmdutoB* nw ur 
ttvni arvqn with ftlmoit na HlcnlithHi with ttt tM. . . ^ A koiiT coKrut ydlcm* 
■aiijilrliii lotonulioa to be hid Dowlian ilw."— n< £)iii<iiair. 

" Aa > budbaak nr tulm. fonniila, Ublsi. tn,, nliUcs In inittrllll. KUtUno, ind iiiiMiiiM. ua 
uk jrUI jmnKOti ciuvi. TnnMnupf Hm Aiitbnr im luinmm putMMt iirm >i«iiiiTJ u 

•aiuIhorllrniiiDatlnitpransweLaiDHi iddiUan to Uw Ultnnn af the biIiImL 
UlX nomunmd It m btOit tbs aost cokflri, cmliiHiUx pnoKal.wat «■ M* a^im.' 

nrOH IBTiiDiia. Th. tobha In ill w*- 
CerUolj dc**ryc« « |»J>» on Ilia t^Hr Bi 

LONDON : EXETER STREET, STRAND. 
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3* OSARLKS oailfFUr A CO.'S POBhlOATtONS. 

WELLS (Sidney H.,\Vh.Sc.,Assoc.Mem.Inst.CE., 

Assoc. Mem. Insi- Mccb.E.; fiiiuipal at, and Head of Ihe Engineoiiif 
DeparUneni in, Buicrsee rolylecbnic Inslilule, Lite of Dulwicfa CoUeseJ ; 
ENGINEERING DRAWING AND DESIGN. A Pradkal 
^lanual fot Engineering Slud<:^l£. With very numerous lUiutntioD! 
a.iHl FoldiDj;- Plate. In Latge Cioirn Sro. 

Vol. I.— Geometry, Psacticau Puakk. an'r Solid, 3s. 

Vol. II.— Machinb and KnCikk DKAWihc and Dcsicm. 4s. Gd. 



LAT cvlfDIT talfaepubLdJkfln.'- 



i«. The 

lul& luli'ucp'iB Um 



Eleventh Annual Issue. Handsome cloth 7s. 6d. 

THE OFFICIAL YEAR-BOOK 

Scicntlflc .1n^ XcarncS Societies ot GrcatKrilaln and Ireland. 

COHPtl-ED mOH OFFICIAL SODRCES. 
Comprising {together with other Official Information) LISTS of th« 
PAPERS read during 1893 before all the LEADING SOCIETIES throughout 
Via Kingdom engaged in the following Oepartmenta of Research: — 



f J. ChemuElT hnd Phmognpbt. , I 

f 4. GcoloffT, G«>^phT, and MlDcnk«T. , i 
fv Biolc^, inclDdiDt MicmKopf- uuTAs. i 



[1. Liter 



"Tl«¥i 


U.-B00I Of 

of Sd«ct 


S«i 


■riu u > Recoiil which •> 

»TlnE Ihil . H^boek 
•=.!.< (onht librae. Mlht 


■.,iit»btrfth.»Md 
. jir.tr.s., M.F.. TZi 


■ncorifae^i 


.Imal W.I 


of thii ••Mta wiU 1 
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V«i-ba»k si IHe iiui 


■■EKyd<v=Ii 


ll",!;!; 




'■SodfUta- 10 N.* 






Sdmdfic sad 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the vaiious 
Societies, and forming the groundirork 01 the Series, may still be 
had, price 7/6. j4/sff Copies of the following Issues. 

The YEAR-BOOK OF SOCIETIES fonns a complete index to 
THE SCIENTIFIC WORK of the year in the various Departments. 
It is used as a ready Ha.vdbook in all our great Scientific 
Centres, Museums, and Libraries throughout the Kingdom, 
and has become an indispensable book of kefereuck to every 
' " 1 Scientific Work. 

LONDON : EXETER STREET, STRAND. 



